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‘Projects and Circuits 


HALOWEEN HOWLER by Mike Hibbett 
Fun project; the sound comes from WAV files stored in EEPROM 


PIC-BASED USB INTERFACE by Robert Lang 
USB the easy way with a PIC18F2455 microcontroller 


INGENUITY UNLIMITED - Sharing your ideas with others 
Cybervox Light Interface; Theremin Volume Control; Voltage Splitter; 
Pulsed Motor Speed Controller 


PHOTIC PHONE by Thomas Scarborough 
Communicate digitally over a light beam 


BACK TO BASICS - 7 Parking Radar and Telephone Switcher 
by Bart Trepak 
Simple, easy-to-build circuits based on one or two CMOS logic chips 


Series and “Features 


TECHNO TALK by Mark Nelson 
The foggy history of electronic development 


INTRODUCING THE VIRTUAL DIY CALCULATOR 
by Clive “Max” Maxfield & Alvin Brown 
Learn how computers do maths without making your brain ache! 


NET WORK - THE INTERNET PAGE surfed by Alan Winstanley 
Dealing with spyware 


PIC N’ MIX by John Becker 
More on getting a DS1267 dual digital potentiometer working with a PIC 


INTERFACE by Robert Penfold 
Using a D/A converter in a transistor tester 


CIRCUIT SURGERY by lan Bell 
Chopper op.amp i.c.s 


Regulars and Services 


PIC PROJECTS CD-ROM 
20 “hand PICked” PIC projects 


EDITORIAL 


SHOPTALK with David Barrington 
The essential guide to component buying for EPE projects 


NEWS - Barry Fox highlights technology’s leading edge 
Plus everyday news from the world of electronics 


BACK ISSUES Did you miss these? 
SUBSCRIBE TO EPE And save money 


CD-ROMS FOR ELECTRONICS 
A wide range of CD-ROMs for hobbyists, students and engineers 


DIRECT BOOK SERVICE 


A wide range of technical books available by mail order, plus more CD-ROMs 


READOUT John Becker addresses general points arising 


PRINTED CIRCUIT BOARD SERVICE 
PCBs for EPE projects 


ELECTRONICS MANUALS 
CD-ROM reference works for hobbyists, student and service engineers 
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Our November 2005 issue will be published on Thursday, 
13 October 2005. See page 667 for details 
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NEXT MONTH 


TEACH-IN 2006 


Are you starting electronics for the first time? Or perhaps you 
are a little more experienced but have missed out on some 
aspects of electronics? Do you wonder about how circuits work 
and what really goes on inside them? Do you want to be able 
to design and build your own circuits and get them to work first 
time? Are you a student or thinking about gaining a formal 
qualification in electronics? If the answer to any one or more of 
these questions is “yes” then our Teach-In 2006 series is going 
to be just right for you! 

We won't assume that you have any previous knowledge, and 
while we will include the relevant theory, we won’t bore you with 
a lot of mathematics. Each part includes a number of Practical 
Investigations providing you with an opportunity to prove why 
real circuits work. And with each part there will be a short mul- 
tiple choice Quiz on-line for you to enter. 

A Final Test will also be available on-line, successful comple- 
tion of which will lead to the award of a personalised EPE 
Teach-In Certificate, something that will provide you with last- 
ing formal recognition of your success. 


List of Topics 


@ Units, Multiples and Sub-multiples. Atoms, Electrons and 
Electric Current. Periodic Table. Introducing Resistors, 
Batteries, Switches. Current, Voltage and Resistance. Potential 
Difference. Ohm’s Law. 


@ Circuit Diagrams. Series and Parallel Circuits. Circuit 
Construction Techniques. Basic Measurements — The 
Multimeter. More Circuit Theory. Power and Energy. Voltage 
Divider. Current Divider. 


@ Charge and Capacitance. Introducing Capacitors and 
Inductors. Magnetism and Inductance. 


e@ Introducing Transformers and Semiconductors. Diodes. 
Rectifiers. Power Supplies. 


@ Introducing Transistors. Basic Concepts of Amplifiers. Gain 
and Frequency Response. Single and Multi-stage Amplifiers. 
Coupling. 

@ Test and Measurement. Waveforms. The Oscilloscope. Signal 
Sources and Signal Generators. Optoelectronics. Introducing 
Light Emitting Diodes. 


@ Digital Electronics. Introducing Logic Circuits. 


e@ Introducing Microprocessors and PICs. Programming. 
Interfacing. Typical Applications. 


@ Analogue Electronics. Introducing Operational Amplifiers. 
Inverting, Non-inverting and Differential Amplifiers. Filters. 
Comparators. Typical Applications. 

@ Radio and Communications. Tuned Circuits. Modulation and 
Demodulation. Transmitters and Receivers. Aerials. Introducing 
Quartz Crystals. Typical Applications. Radio Constructional 
Project. 
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CAMERA WATCH MK2 


The publication of the first EPE Speed Camera 
Watch project in Jan '05 generated a lot of interest 
and many suggestions for enhancements. Camera 
Watch Mk2 addresses those suggestions. 

It uses GPS signals to locate speed cameras. It 
can store up to 10,000 camera positions and can 
scan them all within one second. An I.c.d. provides 
the visual feedback and enables the display of 
additional GPS related information. 

As requested, an RS232 PC interface has been 
added. The unit’s database can now be extracted, 
uploaded to the internet and shared with other 
users. 

You can also download other user's databases 
and merge them with your own. A special web site 
has been set up for this option. 

Significantly, too, the ability to set an acoustic 
warning for exceeding preset speeds (30, 40, 50, 
60 and 70 mph) has also been added. 


PIC CHROMATONE 


You’ve all experienced Sound-to-Light displays — 
haven't you — discos, parties, raves, etc? But what 
about Light-to-Sound? Bet that’s probably a new 
one to you — but not any longer if you read next 
month's light-controlled musical novelty! 
Light-to-sound? Well it’s just a matter of turning 
thoughts on their head a bit. Given the infinite 
variety of colour tones around us, all we do is to 
electronically sense what colours they are and 
produce frequency tones specific to them. 

It must be said, though, the resulting design is a 
gimmick. But it’s a fun gimmick, and should 
provide much musical entertainment! 


DON'T MISS AN 
ISSUE - PLACE YOUR 


ORDER NOW! 


see page 727 


see page 716 
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Or take out a subscription and save money. 
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Quasar Electronics Limited 
PO Box 6935, Bishops Stortford, 


Tel: 0870 246 1826 
Fax: 0870 460 1045 
E-mail: sales @ quasarelectronics.com 


Prices include 17.5% VAT. MAIL ORDER ONLY. 
Call now for our FREE CATALOGUE with details of over 300 
high quality kits, projects, modules and publications. 


Postage & Packing Options (Up to 2kg gross weight): UK standard 3-7 Day ams 
Delivery — £3.95; UK Mainland Next Day Delivery — £8.95; Europe (EU)- _V/SA 
£6.95; Rest of World — £9.95 !Order online for reduced price UK Postage! 
We accept all major credit/debit cards. Make cheques/POs 

payable to Quasar Electronics Limited. 
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electronics 


Helping you make the right connections! 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £15.00 
18VDC Power supply (PSU010) £19.95 
Leads: Parallel (LDC136) £4.95 / Serial 
(LDC441) £4.95 / USB (LDC644) £2.95 


NEW! USB ‘Flash’ PIC Programmer 
USB PIC programmer for most 
‘Flash’ devices. No external 
power supply making it truly 
portable. Supplied with box 
and Windows Software. ZIF 
Socket and USB Plug A-B lead fmm 
not incl. 
Kit Order Code: 3128KT — £34.95 
Assembled Order Code: AS3128 — £39.95 


“PICALL” ISP PIC Programmer 

“PICALL’ will program 
virtually all 8 to 40 
pin serial-mode* AND 
parallel-mode 
(PIC16C5x family)* 
Programmed PIC 
micro controllers. 
Free fully functional 
software. Blank chip auto detect for super 
fast bulk programming. Parallel port connec- 
tion. Supply: 16-18V de. 

Assembled Order Code: AS3117 — £24.95 


ATMEL 89xxx Programmer 
Uses serial port and any 
standard terminal comms | 
program. 4 LEDs display 
the status. ZIF sockets 
not included. Supply: 
16VDC. 

Kit Order Code: 3123KT — £29.95 


NEW! USB & Serial Port PIC Programmer 
USB/Serial connection. 
Header cable for ICSP. Free 
Windows software. See web- 
site for PICs supported. ZIF 
Socket and USB Plug A-B 
lead extra. 18VDC. 

Kit Order Code: 3149KT — £34.95 
Assembled Order Code: AS3149 — £49.95 


(eres 


USB Flash ICSP PIC Programmer 

Fully assembled version of “{ 
our 3128 USB Flasher 
PIC Programmer but 
WITHOUT the pre- 
gramming socket. It 
just has 5-pin ICSP 
header (GND, VCC, 
CLK, DAT, VPP) and 
cable. No external 


Windows software. mi 


Order Code: AS3182 — £37.95 


CREDIT CARD 
SALES 


ABC Maxi AVR Development Board 
The ABC Maxi board 
has an open architec- 
ture design based on 
Atmel's AVR 
AT90S8535 RISC 
microcontroller and is 
ideal for developing new designs. 
Features: 

8Kb of In-System Programmable Flash 
(1000 write/erase cycles) @ 512 bytes 
internal SRAM e 512 bytes EEPROM 

@ 8 analogue inputs (range 0-5V) 

e 4 Opto-isolated Inputs (I/Os are 
bi-directional with internal pull-up resistors) 
@ Output buffers can sink 20mA current 
(direct |.e.d. drive) @ 4 x 12A open drain 
MOSFET outputs @ RS485 network 
connector @ 2-16 LCD Connector 

e@ 3-5mm Speaker Phone Jack 

@ Supply: 9-12VDC. 

The ABC Maxi STARTER PACK includes 
one assembled Maxi Board, parallel and 
serial cables, and Windows software 
CD-ROM featuring an Assembler, 

BASIC compiler and in-system 
programmer. 

Order Code ABCMAXISP — £89.95 

The ABC Maxi boards only can also be 
purchased separately at £69.95 each. 


Controllers & Loggers 


Here are just a few of the controller and data 
acquisition and control units we have. 
See website for full details. Suitable PSU for 
all units: Order Code PSU445 — £8.95 


Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High security. 

4 channels. Momentary or 

latching relay output. Range 

up to 40m. Up to 15 TXs can 

be learned by one Rx (kit 

includes one Tx but more 

available separately). 

4 indicator LEDs. 

Rx: PCB 77x85mm, 12VDC/6mA (standby). 
Two & Ten Channel versions also available. 
Kit Order Code: 3180KIT — £39.95 
Assembled Order Code: AS3180 — £47.95 


Computer Temperature Data Logger 
Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 

/ separate sensors located 
_ 200m+ from board. Wide 
range of free software appli- 


cations for storing/using data. 


PCB just 38x38mm. Powered 
by PC. Includes one DS1820 sensor and 
four header cables. 

Kit Order Code: 3145KT — £16.95 
Assembled Order Code: AS3145 — £23.95 
Additional DS1820 Sensors — £3.95 each 


Most items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix). 


717 7168 


NEW! DTMF Telephone pai Switcher 
Call your phone number — 

using a DTMF phone from 
anywhere in the world 
and remotely turn on/off 
any of the 4 relays as 
desired. User settable 
Security Password, Anti-Tamper, Rings to 
Answer, Auto Hang-up and Lockout. 
Includes plastic case. 130 x 110 x 30mm. 
Power: 12VDC. 

Kit Order Code: 3140KT — £39.95 
Assembled Order Code: AS3140 — £59.95 


Serial Port Isolated I/O Module 

Computer controlled 
8-channel relay 
board. 5A mains 
rated relay outputs 
and 4 opto-isolated 
digital inputs (for 
monitoring switch 
states, etc). Useful in a variety of control 
and sensing applications. Programmed via 
serial port (use our new Windows interface, 
terminal emulator or batch files). Serial 
cable can be up to 35m long. Includes 
plastic case 130 x 100 x 30mm. Power: 
12VDC/500mA. 

Kit Order Code: 3108KT — £49.95 
Assembled Order Code: AS3108 — £59.95 


Infra-red RC 12-Channel Relay Board 
Control 12 on-board relays 
=, with included infra-red 
remote control unit. Toggle 
or momentary. 15m+ range. 
112 x 122mm. 

Supply: 12VDC/0-5A. 

Kit Order Code: 3142KT — £39.95 
Assembled Order Code: AS3142 — £49.95 


PC Data Acquisition & Control Unit 
Monitor and log a 
mixture of analogue 
and digital inputs 
and control external 
devices via the ana- 
logue and digital 
outputs. Monitor 
pressure, tempera- 
ture, light intensity, weight, switch state, 
movement, relays, etc. with the apropriate 
sensors (not supplied). Data can be 
processed, stored and the results used to 
control devices such as motors, sirens, 
relays, servo motors (up to 11) and two 
stepper motors. 


Features 

@ 11 Analogue Inputs — 0-5V, 10 bit (6mV/step) 

@ 16 Digital Inputs — 20V max. Protection 1K in 
series, 5-1V Zener 

@ 1 Analogue Output — 0-2-5V or 0-10V. 8 bit 
(20mV/step) 

@ 8 Digital Outputs — Open collector, 500mA, 33V 
max 

@ Custom box (140 x 110 x 35mm) with printed 
front & rear panels 

@ Windows software utilities (3-1 to XP) and 
programming examples 

@ Supply: 12V DC (Order Code PSU203) 


Kit Order Code: 3093KT — £64.95 
Assembled Order Code: AS3093 — £94.95 


EPE PIC PROJECTS 
VOLUME 1 
MINI CD-ROM 


A plethora of 20 “hand-PICked” PIC 
Projects from selected past issues of EPE 


Together with the PIC programming 
software for each project plus bonus articles ON L Agel pitted eaten cates 


The projects are: £4 4 45 pi acai 
PIC-Based Ultrasonic Tape Measure c 

You've got it taped if you PIC this ultrasonic distance measuring INCLUDING 

calculator VAT and P&P 


EPE Mind P!Ckler 
Want seven ways to relax? Try our PIC-controlled mind machine! Order on-line from 


PIC MIDI Sustain Pedal ; ror www.epemag.wimborne.co.uk/shopdoor.htm 
Add sustain and glissando to your MIDI line-up with this or www.epemag.com (USA $ prices) 
inexpensive PIC-controlled effects unit or by Phone, Fax, Email or Post 

3 7 ‘i 


PIC-based MIDI Handbells : / : : 
Ring out thy bells with merry tolling — plus a MIDI PIC-up, of NOTE: The PDF files on this CD-ROM are suitable to use on any PC with a 


course! CD-ROM drive. They require Adobe Acrobat Reader. 
EPE Mood PICker 


Oh for a good night’s sleep! Insomniacs rejoice — your wakeful EPE PIC PROJECTS CD-ROM 


nights could soon be over with this mini-micro under the pillow! 


PIC Micro-Probe ORDER FORM 


A hardware tool to help debug your PIC software 


PIC Video Cleaner ‘ 
Improving video viewing on poorly maintained TVs and VCRs Please send me (quantity) EPE PIC PROJECTS VOL 1 CD-ROM 


PIC Graphics LCD Scope F = F 
A PIC and graphics LCD signal monitor for your workshop Price £14.45 each — includes postage to anywhere in the world. 


PIC to Printer Interface 

How to use dot-matrix printers as data loggers with PIC 

microcontrollers 

PIC Polywhatsit 

A novel compendium of musical effects to delight the creative 

musician 

PIC Magick Musick 

Conjure music from thin air at the mere untouching gesture of a 

fingertip 

PIC Mini-Enigma Post Code 

Share encrypted messages with your friends — true spymaster 

entertainment | enclose cheque/P.O./bank draft to the value of £ 

PIC Virus Zapper 

Can disease be cured electronically? Investigate this Please charge my Visa/Mastercard/Amex/Diners Club/Switch 

controversial subject for yourself 

PIC Controlled Intruder Alarm 

A sophisticated multi-zone intruder detection system that offers a 

variety of monitoring facilities 

PIC Big-Digit Display 

Control the giant ex-British Rail platform clock 7-segment digits (The last 3 digits on or just under 

that are now available on the surplus market : ‘ 
the signature strip) 

PIC Freezer Alarm 

How to prevent your food from defrosting unexpectedly 

PIC World Clock 

Graphically displays world map, calendar, clock and global 

MEE 2 Os le SEND TO: Everyday Practical Electronics, 

PICAXE Projects ; : Wimborne Publishing Ltd., 

A 3-part series using PICAXE devices — PIC microcontrollers . 

that do not need specialist knowledge or programming 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. 

equipment Tel: 01202 873872. Fax: 01202 874562. 

PIC-based Tuning Fork and Metronome Email: orders @epemag.wimborne.co.uk 

Thrill everyone by at long last getting your instrument properly Payments must be by card or in £ Sterling — cheque or bank draft 

tuned! drawn on a UK bank. 


Versatile PIC Flasher ; ; Normally supplied within seven days of receipt of order. 
An attractive display to enhance your Christmas decorations or Send a copy of this form, or order by letter if you do not wish to cut your issue. 
your child’s ceiling 


BECOME A PIC PROJECT BUILDER WITH THE HELP OF EPE! 
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Switch Issue No. .... 


GENT. 


ELECTRONICS 


_ — 


Tel 01283 565435 Fax 546932 
http://www.magenta2000.co.uk 


E-mail: sales @ magenta2000.co.uk 
LTD 


EE278 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST 


All Prices include V.A.T. ADD £3.00 PER ORDER P&P. £6.99 next day 


a 
VISA 


EUROGARD, 
wos ) 
SWITCH 


MAIL ORDER ONLY e CALLERS BY APPOINTMENT 


EPE PROJECT PICS 


Programmed PICs for *EPE Projects 
12C508/9 — £3.90; 16F627/8 — £4.90 
16C84/16F84/16C71 — £5.90 
16F876/877 — £10.00 
All inc. VAT and Postage 


(*Some projects are copyright) 


EPE MICROCONTROLLER 


P.I. TREASURE HUNTER 
The latest MAGENTA DESIGN -— highly 
stable & sensitive — with I.C. control of all 
timing functions and advanced pulse 
separation techniques. 

e High stability 

drift cancelling 
e Easy to build 

& use 
e@ No ground 

effect, works 

in seawater 


e Detects gold, 
silver, ferrous & 
non-ferrous 
metals 

e Efficient quartz controlled 
microcontroller pulse generation. 


e Full kit with headphones & all 
hardware 


KIT 847 
DEVELOPMENT 


68000 TRAINING KIT 


e@ NEW PCB DESIGN 

@ 8MHz 68000 16-BIT BUS 

@ MANUAL AND SOFTWARE 

@ 2 SERIAL PORTS 

@ PIT AND I/O PORT OPTIONS 
@ 12C PORT OPTIONS 


KIT 621 
Rm £99.95 


e ON BOARD 
5V REGULATOR 
e PSU £6.99 
e SERIAL LEAD £3.99 


Stepping Motors 


MD100..Std 100 step..£9.99 
MD200...200 step...£12.99 
MD24...Large 200 step...£22.95 


MOSFET MkII VARIABLE BENCH 
POWER SUPPLY 0-25V 2-5A 


Based on our Mk1 design and 
preserving all the features, but 
now with switching — pre- 
regulator for much higher effi- 
ciency. Panel meters indicate 
Volts and Amps. Fully variable 
down to zero. "Toroidal mains 
transformer. Kit includes 
punched and printed case and 
all parts. As featured in April 
1994 EPE. An essential piece 
of equipment. 


PIC PIPE DESCALER 


e SIMPLE TO BUILD e SWEPT 
e HIGH POWER OUTPUT > FREQUENCY 
e AUDIO & VISUAL MONITORING 


An affordable circuit which sweeps 
the incoming water supply with 
variable frequency electromagnetic 
signals. May reduce scale formation, 
dissolve existing scale and improve 
lathering ability by altering the way 
salts in the water behave. 

Kit includes case, P.C.B., coupling 
coil and all components. 

High coil current ensures maximum 


effect. L.E.D. monitor. 
KIT 868 £22.95 POWER UNIT......£3.99 


MICRO PEsT 
SCARER 


Our latest design — The ultimate 
scarer for the garden. Uses 
special microchip to give random 
delay and pulse time. Easy to 
build reliable circuit. Keeps pets/ 
pests away from newly sown areas, 
play areas, etc. uses power source 
from 9 to 24 volts. 

e RANDOM PULSES 

e HIGH POWER 

e DUAL OPTION 


PIC WATER 
DESCALER 


Plug-in power supply £4.99 


KIT 867... 2... cece £19.99 
KIT + SLAVE UNIT...............00005 £32.50 
WINDICATOR 


A novel wind speed indicator with LED readout. Kit comes 
complete with sensor cups, and weatherproof sensing head. 
Mains power unit £5.99 extra. 


MT BSG sii sac cea ie sew ace Bana £28.00 


EPE 
TEACH-IN 
2000 


Full set of top quality NEW 
components for this educa- 
tional series. All parts as 


specified by EPE. Kit includes 
breadboard, wire, croc clips, 
pins and all components for 
experiments, 


as listed in 


introduction to Part 1. 
“Batteries and tools not included. 


TEACH-IN 2000 - 
KIT 879 £44.95 
MULTIMETER £14.45 


SPACEWRITER 


An innovative and exciting project. 
Wave the wand through the air and 
your message appears. Programmable 


% 
Y 4 
ee, 
“Yeo, 
¢ Bey 


includes PCB, all components & tube plus 
instructions for message loading. 


KIT 849 


12V EPROM ERASER 


A safe low cost eraser for up to 4 EPROMS at a 
time in less than 20 minutes. Operates from a 


% TENS UNIT *% 


DUAL OUTPUT TENS UNIT 
As featured in March ’97 issue. 


Magenta have prepared a FULL KIT for this. 
excellent new project. All components, PCB, 
hardware and electrodes are included. 
Designed for simple assembly and testing and 
providing high level dual output drive. 


KIT 866. . Full kit including four electrodes £32.90 


4 spare 


electrodes 
£6.50 


12V supply (400mA). Used extensively for mobile 
work - updating equipment in the field etc. Also in 
educational situations where mains supplies are 
not allowed. Safety interlock prevents contact 
with UV. 


KIT 790 


SUPER BAT 
DETECTOR 


1 WATT O/P, BUILT IN 
SPEAKER, COMPACT CASE 
20kHz-140kHz 


1000V & 500V INSULATION 
TESTER 


Superb new design. Regulated 
output, efficient circuit. Dual-scale 
meter, compact case. Reads up to 
200 Megohms. 


Kit includes wound coil, cut-out 
case, meter scale, PCB & ALL 
components. 

KIT 848............ £32.95 


Keep pets/pests away from newly 
sown areas, fruit, vegetable and 
flower beds, children’s play areas, 
patios etc. This project produces 
intense pulses of ultrasound which 
deter visiting animals. 


e KIT INCLUDES ALL 


COMPONENTS, PCB & CASE 
e EFFICIENT 100V 


ULTRASONIC PEsT SCARER 


e UP TO 4 METRES 
RANGE 


NEW DESIGN WITH 40kHz MIC. 


A new circuit using a 
‘full-bridge’ audio 
amplifier i.c., internal 
speaker, and 
headphone/tape socket. 
The latest sensitive 
transducer, and ‘double 
balanced mixer give a 
stable, high perfor- 
mance superheterodyne design. 


KIT 861 


a4 


ALSO AVAILABLE Built & Tested. . . £48.99 
SIMPLE PIC 
= PROGRAMMER 
OL 
ER KIT 857... £12.99 


Includes PIC16F84 chip 
disk, lead, plug, p.c.b., 
all components and 


PEsT 
SCARER 


TRANSDUCER OUTPUT instructions 
e COMPLETELY INAUDIBLE LOW CURRENT i 
To UNaNS "DRAIN "power Supp 2390 
ee €6805° | KIT O12cico ccc cencskvesededvecassvce £1500). “= PY 


PIC LCD DISPLAY DRIVER 


16 Character x 2 Line display, pcb, pro- 
grammed PIC16F84, software disk and 
all components to experiment with stand- 
ard intelligent alphanumeric displays. 
Includes full PIC source code which can 
be changed to match your application. 


KIT 860.....£19.99 


e Learn how to drive the display and write 
your own code. 


e Ideal development base for meters, calcu- 


lators, counters, timers --- just waiting for 
your application! 

e Top quality display with industry stand- 
ard driver, data and instructions 


PIC STEPPING MOTOR DRIVER 


PCB with components and PIC16F84 
programmed with demonstration software 
to drive any 4 phase unipolar motor up to 
24 Volts at 1 Amp. Kit includes 100 
Step Hybrid Stepping Motor Full soft- 
ware source code supplied on disc. 


Use this project to develop your own ap- 
plications. PCB allows ‘simple PIC pro- 
grammer’ ‘SEND’ software to be used to 
reprogram chip. 


KIT 863.........£18.99 


8 CHANNEL DATA LOGGER 


From Aug/Sept.'99 EPE. Featuring 8 analogue inputs and serial data transfer to PC. 
Magenta redesigned PCB - LCD plugs directly onto board. Use as Data Logger oras a 
test bed for developing other PIC16F877 projects. Kit includes Icd, progd. chip, PCB, 


Case, all parts and 8 x 256k EEPROMs KIT 877.........£49.95 


PIC16F84 MAINS POWER CONTROLLER 
& 4 CHANNEL LIGHT CHASER / DIMMER 


e Zero Volt Switching 
¢ Opto-lsolated 5 Amp HARD FIRED 
TRIACS 


« With program source code disk. 
« Chase Speed and dimming potentiom- 
eter controls. 
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e 12 Way keypad Control 


KIT 855.........£39.95 
EPE MARCH APRIL MAY ‘98 


PIC TUTOR 1 PIC16F84 STARTER SERIES 


The original PIC16F84 series by John Becker. Magenta’s Tutor board has individual 
switches and leds on all portA and PortB lines, plus connectors for optional 4 digit seven 
segment led display, and 16 x 2 intelligent Icd. Written for newcomers to PICs this series. 
Disk has over 20 tutorial programs. Connect to a PC parallel port, send, run, and 
experiment by modifying test programs - Then Write and Program your Own 


KIT 870... £27.95, Built...£42.95 
16x2 LCD..£7.99. LED display..£6.99. 12VPSU..£3.99 


SUPER PIC PROGRAMMER 


Magenta’s original parallel port programmer. Runs with down- 
loaded WINDOWS 95 - XP software. Use standard Microchip 
-HEX files. Read/Prog/Verify wide range of 18,28,and 40 pin PICs. 
Including 16F84/876/877, 627/8, (Inc. ‘A’ versions) + 16xx OTPs. 


KIT 862... £29.99 Power Supply £3.99 


ICEBREAKER 
OOOOOOOOO 


© Reprogram for other applications 


PIC Real Time 


In-Circuit Emulator 


e |CEbreaker uses PIC16F877 in-circuit Programs can be written, downloaded, 
debugger. and then tested by single-stepping, run- 

e Links to standard PC Serial port (lead ning to breakpoints, or free run at up to 
supplied). 20Mhz. 

¢ Windows (95 to XP) Software included Full emulation means that all ports re- 

¢ Works with MPASM assembler spond immediately - reading and driv- 

16 x 2LCD display, Breadboard, Relay, ing external hardware. 

\/O devices and patch leads. Features include: Run; set Breakpoint; 

View & change registers, EEPROM, and 
Featured in EPE Mar’00 Ideal for begin- program memory; load program; ‘watch 
ners & experienced users. window’ registers. 


KIT 900 £34 99 With serial lead & software disk, PCB, Breadboard, 
aon . PIC16F877, LCD, all components and patch leads. 
POWER SUPPLY - £3.99 STEPPING MOTOR 100 Step £9.99 


20W Amp. Module 


EPE May ‘05 -- Superb Magenta Stereo/Mono Module 


Wide bandwidth Low distor- 
tion 11W/channel Stereo 20W 
Mono True (rms) Real Power 


Short Circuit & Overheat Pro- 
tected. Needs 8 to 18V supply. 


Stable Reliable design 


Latest Technology IC with lo- 
cal feedback gives very high 
performance. 


KIT 914 (all parts & heatsink for stereo or mono) £11.90 


A super walking programmable robot with eyes that sense obstacles and daylight: 
BrainiBorg comes with superb PC software CD (WIN95+ & XP) and can be pro- 
grammed to walk and respond to light and obstacles on any smooth surface. 


CD contains illustrated constructional 
details, operating principles, circuits 
and a superb Educational Program- 
ming Tutorial. 


Test routines give real-time ‘scope 
traces of sensor and motor signals. 
Connects to PC via SERIAL port with 
the lead supplied. 


Kit includes all hardware, components, 3 motor/gearboxes. 
Uses 4 AA batteries (not supplied). | An Ideal Present! 


KIT 912 Complete Kit with CD rom & serial lead £49.99 
KIT 913 As 912 but built & tested circuit board £58.95 


EPE PIC Tutorial 


EPE Apr/May/Jun ‘03 and PIC Resources CD 
Follow John Becker's excellent PIC toolkit 3 series. 
Magenta Designed Toolkit 3 board with printed component 
layout, green solder mask, places for 8,18, 28 (wide and slim), 
and 40 pin PICs. and Magenta extras. 
16 x 2 LCD, PIC chip all components and sockets included. 


KIT 880 (with 16F84) £34.99, built & tested E49.99 
KIT 880 (with 16-877) £39.99, built & tested £55.99 


EPE TEACH-IN 2004 


THE LATEST NOV 03 SERIES = Additional Parts as listed in 
All parts to follow this new Edu- — ‘misc.’ Section (less RF mod- 
cational Electronics Course. ules, Lock, and Motor/g.box) 
Inc. Breadboard, and wire, as 

listed on p752 Nov. Issue. Reprints: £1.00 per part. 


KIT 920.........£29.99 KIT921........£12.99 
MAGENTA BRAINIBOT | & Il 


Full kit with ALL hardware and 
electronics. 

As featured in EPE Feb ‘03 (KIT 
910) 

Seeks light, beeps, and avoids 
obstacles 

Spins and reverses when 
‘cornered” 

Uses 8 pin PIC chip 

ALSO KIT 911 - As 910 PLUS 
programmable from PC serial port 
leads and software CD included. 


KIT 910....£16.99 KIT 911....£24.99 - 


All prices include VAT. Add £3.00 p&p. Next day £6.99 
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Email: stewart.kearn @wimborne.co.uk 


Starting Out 


Teaching electronics or design and technology? A student studying electronics or 
design and technology? A newcomer to electronics? Generally interested in elec- 
tronics and want to learn more? Like to brush up on your electronics theory? Then 
our new ten part Teach-In series is sure to be of interest to you — or someone you 
might know. It starts next month and you will find more details about it on page 667. 

We think the on-line monthly test and end of series on-line test and certificate are 
a first for EPE. Our Teach-In courses are always popular and, as this one has been 
written by Mike Tooley, who is well known for his many books and articles and who 
edited our Electronics Service Manual, it will no doubt be very well received. Mike 
has over 30 years experience in teaching electronics at all levels and has an easy- 
going writing style that helps to get the subject across in a readily understandable 
form. 

Don’t miss the start of the series next month. With cut backs by high street 
newsagents you may find issues are sold out quickly. We suggest you place an order 
with your newsagent or take out a subscription and save money — see page 716. 


Cameras Again! 

Next month also sees the publication of a Mk2 Speed Camera Watch. The original 
vesion, published in the January issue, aroused a great deal of interest and the Mk2 
version has been greatly enhanced. One of the major changes — suggested by readers 
— has been to add an audible speed warning. This makes it easy to keep to the speed 
limit without constantly checking the speedo. So when you come off the motorway 
into a 30mph area it will help to make sure you adjust your speed accordingly. The 
memory has also been enlarged to hold up to 10,000 camera or black spot coordi- 
nates so, hopefully, it will cover everywhere you want to go, and keep you within the 
law. 


AVAILABILITY 

Copies of EPE are available on subscription 
anywhere in the world (see opposite), from all 
UK newsagents (distributed by COMAG) and 
from the following electronic component retail- 
ers: Omni Electronics and Yebo Electronics 
(S. Africa). EPE can also be purchased from 
retail magazine outlets around the world. An 
Internet on-line version can be purchased and 
downloaded for just $14.99US (approx £8) per 
year available from www.epemag.com 


meee 
BALK [0 SASICS -5 


SUBSCRIPTIONS 

Subscriptions for delivery direct to any address in the 
UK: 6 months £16.50, 12 months £31, two years £57; 
Overseas: 6 months £19.50 standard air service or 
£28.50 express airmail, 12 months £37 standard air ser- 
vice or £55 express airmail, 24 months £69 standard air 
service or £105 express airmail. To subscribe from the 
USA or Canada see the last magazine page. 

Online subscriptions, for downloading the magazine via 
the Internet, $14.99US (approx £8) for one year avail- 
able from www.epemag.com. 

Cheques or bank drafts (in £ sterling only) payable to 
Ever, er Practical Electronics and sent to EPE Subs. 
Dept., Wimborne Publishing Ltd. 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. 
Fax: 01202 874562. Email: subs @ epemag.wimborne.co.uk. 
Also via the Web at: http:/www.epemag.wimborne.co.uk. 
Subscri ieee start with the next available issue. We accept 
MasterCard, Amex, Diners Club, Maestro or Visa. (For past 
issues see the Back Issues page.) 


BINDERS 

Binders to hold one volume (12 issues) are available 
from the above address. These are finished in blue 
p.v.c., printed with the magazine logo in gold on the 
spine. Price £7.95 plus £3.50 p&p (for overseas readers 
the postage is £6.00 to everywhere except Australia 
and Papua New Guinea which cost £10.50). Normally 
sent within seven days but please allow 28 days for 
poate more for overseas. 


Payment in £ sterling only please. Visa, Amex, Diners 
Club, Maestro and MasterCard accepted. Send, fax or 
phone your card number, card expiry date and card 
security code (the last 3 digits on or just under the sig- 
nature strip), with your name, address etc. Or order on 
our secure server via our UK web site. Overseas cus- 
tomers - your credit card will be charged by the card 
provider in your local currency at the existing 
exchange rate. 
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READERS’ TECHNICAL ENQUIRIES 

E-mail: techdept @ epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a_ self- 
addressed envelope and international reply 
coupons. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure 
that the advice and data given to readers is 
reliable. We cannot, however, guarantee it and 
we cannot accept legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages than can be lethal. You 
should not build, test, modify or renovate 
any item of mains powered equipment 
unless you fully understand the safety 
aspects involved and you use an RCD 
adaptor. 


COMPONENT SUPPLIES 

We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers (see Shoptalk). 
We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue. 


ADVERTISEMENTS 

Although the proprietors and staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the interests 
of readers by ensuring as far as practicable 
that advertisements are bona fide, the maga- 
zine and its Publishers cannot give any under- 
takings in respect of statements or claims 
made by advertisers, whether these advertise- 
ments are printed as part of the magazine, or 
in inserts. 

The Publishers regret that under no circum- 
stances will the magazine accept liability for 
non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised in our pages cannot be 
legally used in the UK. Readers should check 
the law before buying any transmitting or 
telephone equipment as a fine, confiscation of 
equipment and/or imprisonment can result 
from illegal use or ownership. The laws vary 
from country to country; readers should check 
local laws. 
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Constructional Project 


Halloween Howler 


Mike Hibbett 


Halloween’s coming — why not give your “trick or treat” visitors a scare?! 


ICTURE a pumpkin head, eyes 
Piissin: up red and emitting an 

eerie howl when someone walks 
past it! 

Although intended to help generate a bit 
of fun over Halloween, this project also 
serves to demonstrate just how easy (and 
cheap) it can be to output audio in an elec- 
tronics project. The sound comes from a 
pre-recorded computer “WAV” file stored in 
a small non-volatile memory. WAV files can 
be downloaded from the internet, extracted 
from music CDs and even recorded by your- 
self on a PC using software supplied with 
most operating systems. 

The circuit can be configured into one 
of two modes of operation: Halloween 
Howler, which includes a light sensor to 
detect moving objects, and a generic 
three-input design that allows one of three 
stored sound samples to be played when 
an input is asserted. This second setup 
provides a more general purpose sound 
generator that can have a number of uses. 
Only minor component changes are 
required for the different setups, which 
are described later. 


WAV File Format 


WAV files are one of the simplest for- 
mats used for storing sounds on a PC 
and are typically used for short 
sound clips. They are not a very 
efficient format. For example, a 
CD quality four minute music 
track requires about 42MB. 
An MP3 format file would 
require a tenth of that, but 
also. requires complex 
encoding and decoding 
algorithms to record and 
play back. 

A WAV file consists of a 
small header section which 
defines how the content has 
been recorded followed by the 
data itself. When a sound source 
is recorded, for example from the 
microphone on your PC, there are 
two factors that will determine the 
quality and size of the file: the number 
of data bits used per sample, and the rate 
at which samples are taken. 
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Values of four, eight and 16 are typical 
for the number bits per sample, while the 
sample rate varies typically from 8000 to 
44000 samples per second. The sample 
rate determines the maximum frequency 
that you can record and must be at least 
twice that of the highest frequency to be 
sampled. 

For reasons that will become clear later, 
the WAV files used in this design are 
encoded at 11025 samples per second, 
with an 8-bit resolution per sample. This 
provides an acceptable quality sound out- 
put without requiring enormous and 
expensive memory storage. WAV files are 
easy to create in this format on a PC, and 
existing higher quality sound files can be 
easily re-encoded to this format. 


Digital-to-Analogue 
Conversion 

The heart of this project is the circuit 
which converts the digital representation 
of the sound, stored in the WAV file, into 
an analogue signal. In other words, it is a 


digital-to-analogue converter (DAC). 
DACs are not just used for creating audio, 
they are used in PC video cards to create 
the analogue video signals, and they find 
many other uses in embedded control 
systems. 

There are a number of ways to imple- 
ment a DAC. Some of the more common 
methods that can be used in a hobby proj- 
ect are: 

Pulse Width Modulation: Many 
microcontrollers provide an option to 
control a pulse-width modulated (p.w.m.) 
peripheral, such as a motor for example. 
The p.w.m. control is generally run at 
least three times the sample rate, and the 
output signal is connected to an RC (resis- 
tor/capacitor) filter to produce an aver- 
aged analogue signal. The nice feature is 
that it requires just a single output pin, 
and is a good option if you have a spare 
p.W.m. on your micro. 

On chip DAC: Some high performance 
microcontrollers have a DAC peripheral 
built in, with a resolution of eight to 16 
bits. These are the easiest to use. 

Dedicated DAC: These implement all 
the electronics into a single chip, such as 
the Analog Devices DAC08 for example. 
Discrete R2R DAC: This technique 
uses an array of resistors connected 
to a parallel port on the microcon- 
troller. This is cheap, easy to 
route on a p.c.b. and very effec- 

tive. It is also very easy to 
drive in software. 

Single bit DAC: Uses a 
single output port pin to 
drive an RC circuit, at high 
speed. However, the sound 
file needs to be encoded in a 
special way and the encoder 
must “model” the character- 
istics of the RC circuit. It’s 

quite complex and hard to 

understand but very easy to 
implement if you have a fast 
enough microcontroller. 
Digital Potentiometer: These 

devices can readily be used as 8- 
bit (or greater) DACs, the “wiper” 
output providing an analogue voltage 
in respect of a input digital value. 
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Chosen R2R DAC 


For this project the simplest and cheap- 
est method is used, the discrete R2R 
DAC. By carefully examining the I/O 
(input/output) port requirements (memory 
interface, DAC output pins, trigger input 
pins) a search of the Microchip database 
showed that the PIC16F628 was ideal for 
the purpose. It is small, cheap and every 
available pin can be used, so nothing is 
wasted! In the Howler there is plenty of 
free code space for adding extra features 
later on should you wish to. 

The trick behind making an R2R DAC 
work lies in being able to drive all the out- 
put pins simultaneously. Delays in setting 
some outputs will result in unacceptable 
distortion in the audio signal. That limits 
the number of bits (and therefore the DAC 
resolution) — we can drive at most eight 
bits simultaneously, so eight bits it is 
then! 

The next issue to deal with is the sam- 
ple rate. CD quality audio is sampled at 
44kHz: there are two problems with that 
rate. First we would not be able to read 
data from memory fast enough, and sec- 
ondly we would quickly run out of stor- 
age space. The industry-standard rate of 
11025Hz was chosen as a fair compro- 
mise. 

As it is a standard encoding rate, so we 
can use existing PC tools to create our 
sound sources, it allows us to store almost 
six seconds of sound, and we can read 
data from a serial EEPROM (electrically 
erasable programmable read-only memo- 
ry) at this rate. The sound’s quality isn’t 
bad either. In theory it would be possible 
to run at a sample rate of 22050Hz, but 
with just three seconds of recorded sound. 
Feel free to tinker! 


Circuit Description 

There are two configurations that can 
be used for the Halloween Howler. They 
both use the same circuit, which is shown 
in Fig.l, with a few minor changes. We 
first describe the Halloween setup and 
explain the changes required for the sec- 
ond setup later. 

The circuit is based around a 
PIC16F628 microcontroller, IC5, that 
reads a standard Windows WAV file 
stored in a serial EEPROM, IC2. The 
eight bits of data that represent each 
sound sample are output on PIC PORTB, 
to which the R2R DAC is connected. 

Capacitor C4 provides some initial fil- 
tering, and as this signal is quite high 
impedance it is buffered by an op.amp, 
IC3a. Op.amp IC3b acts as both a low 
pass filter (C5 and R25) and attenuator to 
provide the correct drive to a small audio 
power amplifier, IC4. The low pass filter 
removes the high frequency artifacts 
caused by the signal switching at the 
sample rate. 

The audio amplifier based around IC4 
uses the device’s application sheet design 
and produces about 350mW, more than 
enough to drive a small 4Q or 8Q loud- 
speaker connected to jumper connector 
TB8. Potentiometer VR1I provides a vol- 
ume control. 

Light emitting diodes D1 and D2 are 
standard 5mm red L.e.d.s that illuminate 
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when the sound is triggered, simulating 
glowing red eyes. Any l.e.d.s will do, so Fig.1. Complete circuit diagram for the Halloween Howler 
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long as the PIC’s drive capability of 25mA 
per pin is not exceeded. 

The sound output is triggered by a sudden 
rise in light level on a light dependent resis- 
tor (I.d.r.), R28, connected to TB7. Op.amp 
IC1 is configured as a comparator into 
which the l.d.r. is fed. Capacitor Cl and 
resistor R2 provide a bias to the compara- 
tor’s reference input so that gradual changes 
in light level, such as sunrise or clouds pass- 
ing over the moon, do not trigger the sound 
output. The sensitivity of the circuit is large- 
ly determined by resistor R4; reduce this to 
increase the sensitivity. 

The circuit is triggered by a sudden rise 
in light level — the idea being that as some- 
one approaches the pumpkin the light 
level falls, then as they go past, the circuit 
triggers. So the pumpkin wakes up behind 
them, adding to the scary effect! 

Serial EEPROM IC2 holds the WAV file 
sound data, of up to 64KB, about six sec- 
onds. A PC can be connected via RS232 
interface on TBS and TB6 using a suitable 
level shifter circuit as shown later in Fig.3. 

The serial EEPROM also holds data 
which defines how the p.c.b. is config- 
ured. The sound file and the configuration 
information are downloaded using a sim- 
ple PC program, dlwav.exe. 

The board is powered at 6V, supplied by 
four 1-5V batteries connected via TB1. 


Alternative Setup 

The PIC software supports a second 
mode of operation, using three input sig- 
nals to trigger one of three stored WAV 
files. In this configuration the light detec- 
tion circuitry and l.e.d.s DI and D2 are 
removed (but not their jumper headers, 
TB7, TB3 and TB4, respectively. 

Other circuit changes are: 


R30, R31 replaced by wire links 
R32, R33 values changed to 4k7 
ICI, R2, R3, R4, Cl not fitted 


The three new trigger inputs are con- 
nected to TB2, TB3 and TB4. A low level 
input will trigger the sound. 


Construction 

Printed circuit board component and 
track layout details are shown in Fig.2. 
This board is available from the EPE PCB 
Service, code 535. 

Solder the two wire links first, then i.c. 
sockets and jumper header pins (terminal 
pins may be used instead of the latter), fol- 
lowed by the remaining components. 
Before fitting the i.c.s, apply power and 
check that the (nominally) 6V supply volt- 
age is reaching the correct i.c. socket pins. 
Remove power and fit the i.c.s, observing 
normal static precautions when handling 
them. 

Wire up l.e.d.s D1 and D2 via TB3 and 
TB4, connect a speaker via TB8 and con- 
nect the light sensor I.d.r. to TB7. The 
l.d.r. is not polarity sensitive and can be 
fitted either way round. 

If you are programming your own PIC 
it must be programmed with the Osc HS, 
power-up timer and watchdog options 
enabled in the Config bits. 

Download your WAV file to the board, 
then power the board up again. Quickly 
move your hand over the I.d.r.; The “eyes” 
le.d.s will illuminate while the sound is 
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Finished prototype with the off-board components attached ready for the pumpkin 


COMPONENTS 


Resistors 


R1, R6 to 
R12,R14 

R2 

R3 

R4 

R5, R13, 
R26, R27 

R15 to 
R21, R24 

R22, R23 

R25 

R28 

R29 

R30, R31 

R32, R33 


All 0-25W 5% carbon film unless stat- 


ed 

Potentiometer 
VR1 

Capacitors 


C1 
C2, C3 


C4 
C5, C7 
C6 


C8 
cg 


Approx. Cost 
Guidance Only 


£20 


excl speaker, batts & interface 


C11 47u radial elect. 10V 

C12 to C16 1u radial elect. 25V 
(optional — see 
text) (5 off) 


20k 1% (11 off) 
820k — 
abe SHOp Semiconductors 
TALK D1, D2 5mm red l.e.d., (2 off) 
IC1 LM393 dual op.amp 
yee IC2 24L.C512 serial 
9 EEPROM 
Ls bon of IC3 LM358 dual op.amp 
1k IC4 LM386N-1 audio 
power amp 
coo IC5 PIC16F628-20 micro- 
270Q see text (2 off) controller, pre-pro- 
4k7 or not fitted grammed (see text) 
(see text) (2 off) IC6 MAX232 RS232 
converter (optional 
— see text) 


Miscellaneous 


TB1toTB10 jumper header or 
1mm terminal pins 
(see text) 

9-pin D-type con- 
nector, female 
(optional - see text) 

8Q min. speaker 

20MHz Crystal 


4k7 min. preset 


1u radial elect. 25V SK1 
22p ceramic disc, 
2:5mm pitch (2 off) 
10n ceramic disc, LS1 
5mm pitch x1 
22n ceramic disc, 
5mm pitch (2 off) Printed circuit board, available from 
220u radial elect.16V the EPE PCB Service, code 535; 8-pin 
10u radial elect. 16V dil. socket (4 off); 16-pin d.i.l. socket 
100n ceramic disc, (see text); 18-pin d.i.l. socket; strip- 
5mm pitch board (optional — see text); pumpkin!; 
22u radial elect.63V connecting, solder, etc. 
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being played. Adjust volume potentiome- 
ter VR1 for an appropriate sound level. 
You can download WAV files to the 
board any number of times; The EEP- 
ROM can be written to over 100,000 
times so you are unlikely to wear it out! 


Pumpkin Head 

Once you are happy with the setup you 
can install it into a pumpkin. It’s best to 
place the p.c.b. and speaker inside a 
sealed plastic bag since the inside of a 
pumpkin remains damp for many weeks. 

Position the light sensing I.d.r. in the 
“mouth” and the L.e.d.s close to the holes 


1 
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cut for the “eyes”. Covering the eye holes PS cope 
with red crepe paper helps to diffuse the —s) aa aa ee ae RW® 


light and adds to the scary effect. span me or) 
Positioning the pumpkin requires a lit- : TB fcleIc} Nt 
tle thought, since it must be pointing to a R28 Oe Ris@ 


light source (such as a porch lamp). It 


1R6™ 4@ 
must be positioned so that the light is -_ | 4 
interrupted when someone approaches. A *seerexr a —— 
little experimentation may be required, a a 
and the value of resistor R4 adjusted if cori =r 
necessary. Flat” Near 


2.8in (71mm) 


3.0in (76mm) 


Fig.2. Printed circuit board topside component layout, off- 
board wiring details and full-size underside copper foil 
master pattern for the Haloween Howler 


Completed Howler prototype circuit board. Note resistors R33 
and R32 do not apper on this board and the author has used 
header pins for the wiring take-off terminals 
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Fig.3. Suggested circuit diagram for a suitable RS232 


Interface using the Maxim MAX232 chip. This circuit and Fig.4. Stripboard component layout and wiring details for the 
accompanying board has not been tested with the Howler suggested RS232 Interface circuit 
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The final effect on visitors is priceless, 
and worth the effort! 


Sound Downloading 

The WAV file files can be downloaded 
from the EPE website (see later). The pro- 
gram consists of dlwav.exe and 
cp30fwm.dll. Copy these files to a direc- 
tory on your PC (any name you want) and 
then run the dlwav.exe program. 

An example of the program window is 
shown in Fig.5. First select the appropriate 
COM port, then click on the p.c.b. configu- 
ration that you will be using. If you choose 
the second option then two further input 
boxes will appear for additional sound files. 
Type in the names of the sound files you 
want to use, or click on the browse button to 
find them using Explorer. 


Download Interface 

When you are ready to download the files 
to the board, connect an RS232 interface cir- 
cuit to the PC and p.c.b. If you do not have 
such an interface, the circuit shown in Fig.3 
can be assembled on stripboard. A suggest- 
ed layout is shown in Fig.4, but has not been 
tested with the prototype. 

Click the Download button in (as in 
Fig.5). After a few seconds the program 
should indicate it is waiting for the p.c.b. to 
respond. Apply power to the p.c.b. After a 
few seconds the dlway screen should indi- 
cate the download progress. Downloading 
takes approximately 90 seconds. When it 
has finished, remove power from the p.c.b. 


and disconnect the 
cables. 

The program 
will check that the 
sound files are of 
the correct format. 
They must be 
stored in 11025Hz, 
8-bit Mono mode 


*- Sound Downloader 


PCB Hardware Setup 
© LDR Sensor & Single Sound 


© 3 Inputs & up to 3 Sounds 


Sound File Selection 


format. Microsoft’s 
Sound Recorder 
application can re- 
sample audio files 
to the correct for- 
mat. If you open a 
WAV file in Sound 
Recorder and select 


Sound #1 Browse 


Select the Hardware Setup, then choose the .way files to 


the File->Save As Scaieael kes: 
option you can 
click on the Change 
button in the dialog 
and select the cor- 
rect format. If the 
sound sample is too long it will be truncated 
by the dlwav program, although you can 
also use the Sound Recorder application to 
trim the file to the length you want. 
Suitable sounds can be easily found on 
the Internet and resampled to the correct 
format if necessary. A search via 
www.google.com for “Halloween sounds” 
resulted in plenty of interesting options! If 
you choose to record your own sounds 
make sure that you record at a high level 
using a decent microphone. Low volume 
sound samples will not playback well. The 


teady, click on Download “and then* connect to 
the PCB and apply power to it, Downloading takes about SDs 


Fig.5. Screenshot of the download application window 


author found a _ cheap’ “Studio 


Microphone” quite acceptable. 


Resources 

Software, including source code files, 
for this design can be downloaded free 
from the EPE Downloads site, accessible 
via the home page at www.epemag.co.uk. 
It is held in the PICs folder, under 
Halloween. 

This month’s Shop Talk provides infor- 
mation about obtaining pre-programmed 
PICs and component buying advice. 


Halloween Howler 

No real “howlers” appeared when casting an eye down the compo- 
nents list for the Halloween Howler project. The LM op.amps and auidio 
power amp i.c.s. should be widely available from our components 
advetisers. 

For those readers who intend to program their own PICs, it should be 
pointed out that its the 20MHz version of the PIC16F628-20 that is 
required. This is usually identified by the -20 after the main type number. 

The MAX232 RS232 serial interface i.c. is one of the most favoured 
devices and readers should have no trouble in obtaining one from most 
of our components advertisers. For more technical details you could log- 
on to www.maxim-i.c.com. 

Some readers may experience difficulty in locating the 24LC512 seri- 
al EEPROM. This is currently listed by Maplin (4 0870 429 6000 or 
www.maplin.co.uk), code N31BH. The serial EEPROM holds the WAV 
file sound data, up to 64KB, about six seconds. 

Standard 5mm red l.e.d.s are used to simulate the “glowing eyes”. 
Almost any l.e.d. will do here, so long as the PIC’s drive capability of 
25mA per pin is not exceeded. 

For those readers unable to program their own PICs, ready pro- 
grammed PIC16F628-20 microcontrollers can be purchased from 
Magenta Electronics (2 02083 565435 or www.magenta2000.co.uk) 
for the inclusive price of £4.90 each (overseas add £1 for p&p). The sound 
file and the configuration information can be downloaded free from 
the EPEDownloads site, accesible via the home page at 
www.epemag.co.uk. It is held in the PICs folder under Halloween. 

The Howler printed circuit board is available from the EPE PCB 
Service, code 535 (see page 733). Don't forget to seal the completed 
p.c.b. and miniature speaker inside a plastic bag; the inside of a pumpkin 
remains very moist for many weeks. 


PIC-Basedf USB Interface 

The most surprising aspect when checking through the availability of 
components for the P/C-Based USB Interface was the s.i.|. resistor array. 
Component suppliers carried plenty of stocks of these resistor arrays but 
none at the 680 ohms specified in the article. However, a 680 ohms 
5-way commoned s.i.l. resistor module was found listed by Farnell 
(& 0870 1200 100 or www.farnellinone.co.uk), code 476-330. 

The Darlington output opto-isolator type 6N139 is currently stocked 
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by Rapid Electronics (8 01206 751166 or 
www.rapidelectronics.co.uk), code 58-0602. Readers should have no 
difficulty purchasing the MAX232 RS232 serial interface chip, this is one 
of the more popular devices. 

For the USB type-B socket you could approach ESR Components 
(& 0191 251 4363 or www.esr.co.uk), who carry a large range of PC 
connectrors. Also try Jaycar (see back cover), code PS-092 or Jameco 
(www.jameco.com), code 230957. 

The PIC18F2455 is one of the new USB-enabled flash memory micro- 
controllers and for those readers unable to program their own PICs, pre- 
programmed PIC18F2455s can be purchased from Magenta 
Electronics (2 02083 565435 or www.magenta2000.co.uk) for the 
inclusive price of £10 each (overseas add £1 for p&p). The software, 
including source code files, is available for free download via the 
Downloads link on our UK website at www.epemag.co.uk. 

The printed circuit board is available from the EPE PCB Service, code 
536, (see page 733). 


Photic Phone 

The IRF610 n-channel power MOSFET called for in the Photic 
Phone project does not appear to be in favour with our components 
advertisers. However, it is listed by Farnell (@ 0870 1200 100 or 
www.farnellinone.co.uk), code 354-430 and RS Components 
(@ 01536 44079 or rswww.com) code 139-833. 

The author specified a 500 ohm resistor for the ultrabright l.e.d., but as 
510 ohms is the preferred value and it is shown as this in the circuit dia- 
gram. The Siemens SFH203 photodiode was purchased (credit card 
only) from RS (see above), code 195-681. 

The Phone printed circuit boards are available as a pair from the EPE 
PCB Service, codes 531 and 532. As to the lens option, we leave that to 
readers own ingenuity. A toy telescope or binoculars perhaps. 


Back to Basics — Parking Radar/Telephone Switch 

We do not expect readers to encounter any buying problems when 
shopping for parts for the Parking Radar or Telephone Switch, this 
month’s Back To Basics projects. The relay used with the Telephone 
Switch board will, of course, need to be selected to suit the ratings of the 
appliance being controlled. 

The 40kHz ultrasonic transmitter and receiver transducers, used in the 
Parking Radar, are normally sold in pairs. As an idea it might be worth 
investigating a combined single transmitter/receiver transducer from 
Jaycar (see back cover), code AU-5550. We have no idea as to the 
pinout arrangement for this device. 

The two printed circuit boards are available from the EPE PCB 
Service, codes 533 (Radar) and 534 (Tele) — see page 733. 
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A roundup of the latest Everyday 
News from the world of 


electronics 


ALL SYSTEMS ARE GO! 


From movies to betting, the sky’s the limit reports Barry Fox 


OVE it or hate it, Rupert Murdoch’s 

satellite station BSkyB just keeps going 
from strength to strength. Murdoch’s son 
James is now CEO and running the show. 

At a recent meeting held to update city 
analysts, Chief Financial Officer Jeremy 
Darroch described the company as being in 
“robust health” and reported 12% sub- 
scriber growth over the last year, with 11% 
revenue growth. 

Churn, subscribers who stop paying, 
averages 10.3% per year. Despite this, Sky 
now has 7-78 million paying subscribers 
with home dishes. Average revenue from 
each subscriber is now £384. “We expect 
8m subscribers by the end of this year and 
10m by end of the decade” says Murdoch. 
“We have 0:89m Sky+ PVR users with 1m 
expected in the next few weeks.’ Asked 
whether Sky’s 10 million target is depend- 
ent on the UK government’s analogue 
switch off plans, Murdoch admitted: “Of 
course there is some connection — the (gov- 
ernment) switch off plan does not have a 
lot of clarity.” 

Revenue from Sky’s interactive TV bet- 
ting is rising by 40% a year with more 
growth expected following liberalisation of 
the UK laws. People can now lose even 
more money they cannot afford from the 
privacy of their homes. To protect children 
the electronic programme guide is being 
redesigned, with the option to remove all 
adult material from the menu and control 
the replay of Sky+ recordings 

An intriguing new service will be 
launched before the end of year that will let 
five million top-tier subscribers who also 
have a broadband connection use it to 
download movies and sports to a PC, or 
laptop “to watch on a train”. 


“We shall start by offering a few hun- 
dred movies on demand” says Murdoch. 
No details of the cost or technology are yet 
available. But Sky confirms that the PC 
will need to download a software applica- 
tion and very small print on a slide shown 
by Murdoch showed Spiderman 2 using a 
file of SOOMB — almost certainly with 
MPEG-4 compression instead of MPEG-2, 
as currently used by Sky and Freeview. Sky 
has already confirmed that its HDTV serv- 
ice, due for launch early next year, will use 
MPEG-4. 

“The move from MPEG-2 to MPEG-4 
will have to happen” says Murdoch. He 
also confirms that Sky and Microsoft are 
partners in DRM, the Digital Rights 
Management that controls how and when 
downloads can be viewed. 


Question Time 

But many key questions on the new 
broadband service remain unanswered, 
most important how long the download 
will remain playable on a PC and what 
happens if a customer churns out. 
Murdoch’s reply on this was very vague. 
“The DRM rights will depend on the win- 
dow. They will vary with the title. There 
are no details yet. We will have details as 
we move forward”. 

The vagueness may be due to the fact that 
Sky is currently re-negotiating its movie 
contracts with three Hollywood studios, 

Details also remain sketchy on the 
HDTV service now promised for 2006. 
There will be an additional charge for the 
receiver which will have one Ethernet and 
two USB ports and “greatly expanded hard 
drive” for the connection of peripherals 
and “a variety of new features” 


“By 2007 CRT production will be dis- 
continued — there will be 10 million HD 
Ready sets sold by end of the decade” says 
Murdoch. “By Christmas you will be able 
to buy a very good quality HD Ready 
screen for under £1000. It’s going to be 
great. It’s going to be a big story over the 
next five or six years”. 


Down To Earth 


More immediate and down to earth Sky 
will soon launch a battery radio that works 
anywhere in the house or garden to receive 
the sound of satellite stations that can nor- 
mally only be heard from a mains-powered 
receiver with fixed dish antenna. The 
Gnome comes in two halves, a transceiver 
that plugs into the back of an ordinary 
satellite receiver, and a pint-sized portable. 

A wireless telemetry link at 433MHz 
lets the portable switch channels on the 
satellite receiver; an FM signal at 864MHz 
carries hi-fi stereo to the portable. Working 
range is around 30 metres; the likely cost 
around £100. The Gnome is being made 
for Sky by Global Communications of 
Essex. 

Murdoch confirms the Gnome will also 
work with Freesat, Sky’s free-to-air satel- 
lite radio and TV service. 

When Murdoch was asked about recent 
concern over the life cycle of existing 
receivers and how long receiver boxes can 
be expected to last, and a comment by 
Sky’s suppliers that they are not allowed to 
talk about planned life, he tried to reassure: 

“Life cycle is not an issue — at this 
point. We don’t see any deterioration. 
There is a lot of life in them yet... I looked 
again before this conference. If we did see 
something I would tell you”. 


At a recent London gathering FlexiPanel 
Ltd unvelied ToothPIC, a PIC microcon- 
troller module with in-built Bluetooth and 
radio communications software libraries. 
The class-1 radio is FCC/CE certified and 
has 100m range with its integral antenna. 

“ToothPIC offers you radio communica- 
tions straight out of the box.” said Richard 
Hoptroff, managing director of FlexiPanel. 
“No specialist knowledge of radio frequen- 
cy design is required. Indeed, many remote 
control and data acquisition applications 
can use our off-the-shelf firmware, so the 
PIC doesn’t even need to be programmed.” 
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ToothPIC Unveiled 


Based on the high-end PIC18LF6720 
microcontroller, ToothPIC is supported 
by a large range of free software, from 
on-chip firmware solutions such as 
OpenTooth. which provides access con- 
trol from a cellphone, to the user inter- 
face server, which allows it to create 
user interfaces on PCs, pocket PCs 
and high-end cellphones. Using Wireless 
Field Programming it can be repro- 
grammed from any Windows PC via 
Bluetooth, allowing OEMs to distribute 
product upgrades to their customers 
by email. 


“We are really enthusiastic about the 
ToothPIC modules.” says beta customer 
Marcel Jacomet, Lecturer at Bemer 
Fachhochschule, Switzerland, who uses 
them for teaching. “They are so simple to 
use and to download our own applications.” 

Utility functions are provided to take 
easy advantage of the ToothPIC peripher- 
als, including real time clock, UART, 
10-bit 12 channel A/D inputs and five 
p-w.m. outputs. The on-board power 
regulator accepts anything from 3V to 10V. 

For more information on FlexiPanel’s 
ToothPIC browse: www.flexipanel.com. 
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Conrad’s One-Stop Shopping 


OLLOWING our welcome to Conrad 

Electronics last month, the company 
have filled us in with a bit more informa- 
tion about themselves: 

Conrad has more than 80 years at the 
cutting edge of technology and says it 
leads the world in the supply of compo- 
nents. The Company began with provid- 
ing components for kits for making 
radios in the 1920s, and then progressed 
in the 1930s to kits for making TVs. 
Components are now supplied for com- 
puters, multimedia, telephone, radio, 
and a multitude of home systems and 
electrical needs. 

Conrad offers its products and services 
by catalogue, through retail branches and 
also via the Internet. Over 110 million 
products are shipped each year and prod- 
ucts are supplied directly to customers in 
more than 150 countries worldwide. 
There are over 15,000 components on the 
website! 

You can also subscribe online to the free 
regular Newsletter and stay informed about 
all the latest offers and exciting products. 


In Conrad’s advert with us (see else- 
where in this issue), you can obtain a dis- 
count of 10% off orders valued at £30 or 


more. You’ll also get the chance to win a 


Voltcraft Multimeter worth £139 
Conrad’s Prize Draw! 


Brunning Update Training 


Brunning Software have just 
released a revised and updated 
version of their PIC Training and 
Development System. Peter 
Brunning believes that the practical 
approach is the natural way of 
learning so the theory is kept to a 
minimum. But he also believes that a 
newcomer can never become a profi- 
cient PIC programmer unless he or 
she has a grounding in the language 
of the processor. 

The first of the two books included 
with the course gives a gentle start to 
PIC assembly language, while the 
second book teaches how to program 


PICs using the C language. The P801 
PIC Training System works through 
from absolute beginner to experi- 
enced engineer level. 

For £159 plus postage you get a 
programmer module which is also 
your experimental test bed, two 
books, CD with PIC assembler and C 
compiler, plugtop PSU (UK only) 
and PC serial COM lead. 

For more information contact 
Brunning Software, 138 The Street, 
Little Clacton, Clacton-on-Sea, 
Essex C016 OLS. 

Tel: 01255 862308. 
www.brunningsoftware.co.uk. 


Web: 
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For more information on Conrad 
browse: www.conrad-direct.co.uk. 

Email:customerservice @conrad-direct 
.co.uk. or Tel 0870 732 3223. 


PCB-POOL 


The team at PCB-POOL have launched a 
number of new services. In their recent press 
release they say that they are Europe’s largest 
on-line p.c.b. prototype supplier and are broad- 
ening their offering, promising a range which 
will suit every level of p.c.b. designer. The 
improvements will provide for reduced lead- 
times, and electrical testing as standard. The 
aim of the service is to pass on the cost saving 
benefits of prototype p.c.b. manufacture to the 
designer. Expensive tooling and photoplot 
charges have been eliminated. 

The company has recognized the importance 
of receiving high quality p.c.b. prototypes, and 
all files are fully design-rule checked and vali- 
dated by experienced CAM engineers. As an 
extra assurance for p.c.b. designers full electri- 
cal test is being offered on all four to six layer 
prototypes free of charge. 

You can order pre-production quantities, 
working from a standard lead-time of eight 
working days. A fast turnaround service with a 
reduced lead-time of five working days is also 
available. 

For further information visit: www.pceb- 
pool.com, or free phone: 0800 3898560. 


Quote...Unquote 


Dixons, one of the UK’s leading retailers of 
consumer technology on the high street, has 
announced the launch of a Dixons-exclusive, 
Hitachi-branded Hi-Fi that the retailer 
believes will redefine the shape of future 
home entertainment systems. 

OUT are tape decks, CD-only players, AM 
radios and other legacy technologies. 

IN are a 40GB hard drive that stores 10,000 
songs, a DAB radio, a DVD player that plays 
all CD formats, and high specification speak- 
ers. Other enhancements include front and 
rear USB ports to enable owners of MP3 play- 
ers to plug and play or plug and go. 
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VEG WNWO-TALK MARK NELSON 


USELESS AT THEIR JOB 


Why cannot historians agree on even the key elements of recent 
electronic history? Mark Nelson investigates 


OU’D think that historians could at 
Yi: do the job they’re paid to do. As 

professionals, they of all people 
should be able to sort out who invented what 
and when. 

“History is bunk,” famously said the indus- 
trialist Henry Ford and from this you might 
infer he had a low opinion of historians. I 
could easily take offence at this remark, hav- 
ing a degree in economic and social history, 
but I feel bound to agree — up to a point. 
“Historians” manage to present multiple ver- 
sions of what they present as facts, so it’s not 
hard to criticise historians for failing to come 
up with a single, incontrovertible version of 
past events. 

If only life were that simple! History exists 
to justify people’s beliefs, as the conflicting 
versions of how any industrial or territorial 
dispute began will readily illustrate. And who 
invented radio — Marconi, Popov, Tesla or 
Nathan Stubblefield? It all depends whose 
side you are on! 


Perception of Kilby 

And in that vein I had to smile when I read 
Jack Kilby’s obituary in the September issue 
of this magazine, where it stated that he was 
the inventor of the monolithic integrated cir- 
cuit (i.c.). It may be received wisdom but it’s 
a “fact” that’s widely contested by alternative 
historians and it all boils down to what you 
call an integrated circuit. 

By common consent an integrated circuit 
contains both active and passive electronic 
components, all “integrated” in a single pack- 
age. Who first invented it, patented it or 
turned it into a practical device is a matter of 
debate: 

Jack Kilby of Texas Instruments invented 
the i.c. in 1958, yet the patent was awarded 
the following year to Robert Noyce, co- 
founder of Fairchild Semiconductor 
Corporation. In the event, both pioneers 
shared the honours when the U.S. Academy 
of Engineering bestowed on them both the 
academy’s Draper Award in 1978; in 1989 
President George Bush (senior) awarded each 
$175,000. 

So how come they both invented the i.c.? It 
depends on your definition. Kilby had the 
notion that all parts of an electronic circuit, not 
merely the transistor, could be made out of sil- 
icon on a single substrate. Creating the entire 
circuit in monolith i.c. form would make it 
smaller and much easier to produce. The idea 
appealed to his employers and in just over a 
month Kilby had built a working model. 

This was in September 1958 and in 
February of the following year Texas 
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Instruments filed a patent for their “Solid 
Circuit”, which was shown publicly for the 
first time in March. 


Rough Justice? 

Ingenious as this Solid Circuit was, it could 
not in itself set the world alight with just one 
transistor on-board. Someone who realized 
this was Robert Noyce, who had indepen- 
dently thought along similar lines. Although 
he did not start until January 1959, his debut 
design was the first i.c. with more than one 
transistor. 

Aware, too, of Kilby’s work he delivered a 
patent application that stressed the unique 
characteristics of his own design along with 
details of its potential applications, something 
missing from Kilby’s presentation. This paid 
off for him and it was he who was awarded 
the patent for the first integrated circuit while 
Kilby’s submission was still being analysed. 
Was this rough justice? It’s hard to tell. 

Of course you cannot do much with such 
basic circuit elements and it fell to others to 
develop i.c.-type devices with practical appli- 
cations. The microprocessor is one and in 
1968 Los Angeles computer expert Gilbert 
Hyatt took the integrated circuit a step further 
by including in one place all the pieces nec- 
essary to operate a computer (except memory 
and interface). 

His patent application for this micro- 
processor was submitted in 1970 and 
although three engineers from _ Intel 
Corporation created the first commercially 
viable microprocessor the following year, 
while Hyatt’s paperwork was still being scru- 
tinised, it was nevertheless Hyatt who was 
eventually credited with its invention by the 
U.S. Patent Office. 


Ancient History 

But this is by no means the end of the bick- 
ering and there are several other valid 
claimants for the credit of being father of the 
i.c. Radar scientist Geoffrey (G.W.) Dummer 
of Britain’s Royal Aircraft Establishment had 
already outlined his ideas for integrated cir- 
cuits in May 1952 and attempted to build a 
prototype in 1956. 

His 1952 revelation was made at a confer- 
ence in Washington D.C. when he explained 
how a solid block of material such as silicon 
could comprise separate layers that would act 
as the key components needed by electronic 
systems. He was thus the first person to pub- 
licise the concepts that Kilby and Noyce later 
brought to fruition. 

Unfortunately for Dummer, his rudimentary 
integrated circuit of 1956 failed to persuade 


British investors willing to fund further 
research, losing an opportunity to create a 
multi-million pound industry. 

If you broaden the definition of the i.c. to 
include thermionic technology, then the hon- 
ours must fall to the Germans. For in 1926 the 
Loewe company’s OE 333 radio receiver 
employed a valve that incorporated two audio 
amplifier stages plus a final amplifier, all in a 
single standard-size glass tube. 

You can see photos of this 3NF valve on 
the Web at www.jogis-roehrenbude.de 
/Roehren-Geschichtliches/Loewe- 
Roehren/Loewe.htm and if you read 
German, you may care to download the peri- 
od literature offered on this page. 


Final Example 


For my final example of disputed history, 
let’s take a truly fundamental innovation of 
modern times, the printed circuit board or 
p.c.b. It’s modern history after all, so deter- 
mining the inventor must be a total no-brain- 
er, but surprisingly not. A clue to the fact that 
it’s perhaps not such a modern invention is its 
alternative and older name, the printed wiring 
board or PWB. 

Because it was first exploited in earnest on 
the other side of the Atlantic, a notion grew 
up that the Americans invented the process to 
speed production of rugged military radios 
during World War II (p.c.b.s did not become 
commonplace in consumer electronics for 
another decade or more). 

Then more diligent researchers named the 
inventor as Paul Eisler (1907-1995), an 
Austrian-born engineer who like many of his 
comrades came to Britain in the 1930s. 

According to Eisler’s own testimony, he 
first conceived the technique at his home 
around 1936, using small strips of copper foil 
fixed with varnish onto Bakelised paper 
(paper impregnated with phenolic resin to 
form a rigid but easily shattered board). In his 
book My Life with the Printed Circuit, he 
states that he employed his “first printed cir- 
cuit invention in the form of a complete radio 
set that worked perfectly”, as a credential 
when applying for a job with Plessey. 

We can certainly credit Eisler with creating 
the first true printed circuit board but the idea 
was by no means new in 1936. A fascinating 
piece of research in the Articles section of 
www.circuitree.com reveals a patent of 1903 
by Albert Parker Hanson, living in Berlin, for 
circuit boards using stamped copper tracks 
bonded adhesively to paraffined paper. The 
patent even illustrates double-sided and mul- 
tilayer p.c.b.s — such modernity over 100 
years ago! 
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Constructional Project 


PIC-Based USB Interface 


Robert Lang 


How to easily use USB to communicate with the new PIC18F2455 microcontroller 


RE you ready to jump on the 
Aes Serial Bus (USB) band- 

wagon? Maybe you have an existing 
embedded application you would like to 
update to use USB. Maybe you have a new 
PIC application you would like to develop 
to use USB. In this article we explore the 
basics of an easy way of getting data into 
and out of a PIC18F2455 microcontroller 
using its USB interface. 

The design allows existing RS232 
devices to be controlled by a Windows 
2000/XP USB connection. In addition, 
le.d.s can be controlled over the USB. 
Although the design is simple, it illustrates 
the process of getting data into and out of 
the PIC over a USB connection. The “easy 
way” approach to USB makes maximum 
use of existing free software and Windows 
drivers. 


Introduction to USB 

The goals of the USB 2.0 development 
team were very lofty. They wanted to sim- 
plify, from the user's point of view, person- 
al computer peripherals. They wanted a 
system that supported real time video, 
voice and audio data. They wanted a proto- 
col that could handle isochronous data 
transfers and asynchronous messaging. 

They wanted a standard interface that 
could quickly be used in products. They 
wanted new classes of devices that would 
expand the personal computer’s capability, 
and they wanted backward compatibility 
with previous versions of USB. 

The result is Universal Serial Bus 
Specification, Revision 2, a 650 page 
behemoth, that is available as a free 
download (see References, Ref.1, later). 
The USB specification contains almost 
anything you would want to know about 
USB, it is suggested that you start by 
reading Chapter 9 which discusses the 
USB device framework. 

Chapter 9 includes device requests, 
descriptors and class definitions. USB 
allows peripherals to be plugged and 
unplugged without down-powering the 
computer. This process, called “enumera- 
tion”, involves communicating with the 
peripheral to discover its identity and 
characteristics. 
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Information about the device is con- 
tained in descriptors that are transmitted to 
the host during enumeration. A unique 
address is assigned to each peripheral to be 
used for run-time transfers. The device is 
also assigned a configuration during the 
enumeration process. 


Slave Protocol 

All USB peripherals are slaves that obey 
a defined protocol. They must react to 
request transactions sent from the host PC. 
For example, the peripheral must respond 
to control transactions that request detailed 
information about the device and its con- 
figuration. All USB devices support the 
requests and descriptor definitions 
described in Chapter 9. 

In addition, devices may provide 
extended services that are characteristic 
of a group of devices. A class of devices, 
for example the Audio Device Class, is 
defined by a specific set of descriptors, 
requests and interface/endpoint usage. 
So you might find descriptors, request 
and interface usage relating to a volume 
control in the Audio Device Class but not 
in the Imaging Device Class. 


Each USB device has two or more 
endpoints. An endpoint is a uniquely 
addressable portion of the USB device that 
is a sink or source of information that 
flows between the host and the device. One 
can think of an endpoint as a device buffer 
where data is placed to be transferred by 
the USB engine to or from the host. USB is 
a host-centric protocol so “IN” endpoints 
transfer data to the host from the USB 
device and “OUT” endpoints transfer data 
from the host to the USB device. 

USB 2.0 supports four types of data 
transfer: Control, Interrupt, Isochronous 
and Bulk. Control transfers are typically 
used for command and status operations. 
They are essential and all enumeration 
functions are performed using control 
transfers. Interrupt transfers are typically 
non-periodic, small device “initiated” 
communication requiring bounded latency. 
An Interrupt request is queued by the 
device until the host polls the USB device. 

Isochronous transfers occur continuous- 
ly and periodically. They typically contain 
time sensitive information, such as an 
audio or video stream where a delay or 
retry would be unacceptable. However, if a 
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Fig.1. Complete circuit diagram for the PIC-Based USB Interface 


packet or frame were to be dropped every 
now and again, it is less likely to be noticed 
by the listener/viewer. 

Bulk transfers provide error correction 
on the data payload and error detection/re- 
transmission mechanisms, ensuring data is 
transmitted and received without error. 
Bulk transfers are the lowest priority and 
use spare un-allocated bandwidth on the 
bus after all other transactions have been 
allocated. 


Class Definitions 

A USB device class is a group of 
devices that has a common set of descrip- 
tors, requests and interface/endpoint 
usage. Some of the USB device classes 
that have been defined in the specifica- 
tions include Audio Device Class, 
Imaging Device Class, Communication 
Device Class (CDC), Human Interface 
Device (HID) Class, Mass Storage 
Device Class, Printer Device Class and 
others. Some of the classes have sub- 
classes such as the MIDI devices under 
the Audio Class. 

If you can fit your device into a standard 
USB device class then you can leverage 
your software development efforts by 
using the standard device drivers written 
by the operating system developers. 

With our “easy” approach to USB we 
make the device a Communication Device. 
A complete description of the communica- 
tion device class is contained in Universal 
Serial Bus Class Definitions for 
Communication Devices (Ref.2). It is only 
121 pages. 


Putting the USB device into the 
Communication Device class has two 
advantages: 

1. Microchip has written and freely dis- 
tributes PIC software for the 
Communication Device class to emulate 
RS232 over a USB connection. 

2. From the PC side, the USB device just 
looks like a COM port to the Windows 
software. This allows us to use existing 
Windows software like Hyperterminal to 
communicate with the device over the 
USB port. 


PIC18F2455 

The PIC18F2455 is one of the new 
USB-enabled flash memory microcon- 
trollers from Microchip. It has 24K bytes 
of flash program memory that allow the 
user to store about 12 thousand 16-bit 
instructions which can be erased and repro- 
grammed electrically. The flash program 
memory supports 100,000 write/erase 
cycles and has a greater than 40-year data 
retention period. 

This PIC has 2048 bytes of RAM data 
memory, and has many of the features 
users have come to expect from 
Microchip: a universal synchronous- 
asynchronous receiver/transmitter 
(USART), four timers, ten 10-bit ADC 
channels, and a master synchronous 
serial port (MSSP). The MSSP is useful 
for communicating with peripheral 
devices such as serial EEPROMS, and 
supports SPI and [?C protocols. The 
PIC18F2455 operates at clock speeds up 
to 48MHz. 
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The USB engine is V2.0 compliant and 
operates at low (1.5 million bits per sec) 
and full (12Mb/sec) speeds. The USB 
engine supports all types of data transfer 
and up to 32 endpoints. It has one kilobyte 
of RAM starting at 400h that is shared 
between the CPU and the USB engine. This 
shared memory can be configured for opti- 
mum use by the user. The first few loca- 
tions are defined in usbmap.c and 
usbmap.h and are used for an endpoint 
(buffer) descriptor table consisting of: 
STAT, CNT and ADR. 

There is one buffer descriptor table for 
each endpoint. STAT is the status register 
for the endpoint. Bit 7 determines who 
owns the buffer (CPU or USB engine) and 
who can write to it. CNT is the number of 
bytes in the buffer. ADR is the pointer to 
where the endpoint buffer starts in the 400h 
to 7FFh range. 


Circuit Description 

The circuit diagram for the PIC-Based 
USB Interface described here is fairly sim- 
ple and is shown in Fig.1. We begin with 
the power supply. There is none — the 
device is powered by the USB bus! 

There are a couple of critical compo- 
nents. One is C3, a 470nF capacitor con- 
nected to Vysp on the PIC18F2455. This is 
a filter capacitor and without it the PIC may 
not run at USB full speed. Since we are 
using power from the USB bus, we also 
need the IuwF capacitors, C4 and C5, to 
reduce the inrush current when the device 
is plugged into the USB bus. 


687 


When designing the circuit board, there 
were grand plans to make it also function as 
a USB MIDI interface. For that reason 
some additional components were added as 


COMPONENTS 


PIC18F2455 
microcontroller, 
pre-programmed 


outlined in Fig.1. The additional hardware (see text) 
needed for MIDI is very minimal — an opti- IC2 6N139 opto-isolator 
cal isolator, IC2, on the input, some resis- Resistors Sie (see text) 
tors and a couple of MIDI sockets. To get R1, R2 27 (2 off) TALK IC3 MAX233 RS232 
Windows to recognize the device as a MIDI R3, R4, page interface 
interface, the PIC must be reprogrammed. R8, RO 270Q (4 off) Miscellaneous 
The MIDI components are not needed for (see text) S1 ; h-t 
this project, but may be helpful to experi- R5 560Q nls ae FcR, o- 
enced readers who wish to add their own R6 10k SK1. SK2 ean ih) sociisk 
PIC code to make use of them. R7 10k (see text) : o off) (see text) 
The PIC18F2455 is the heart of the sys- R10 2k2 


SK3 USB B connector, 
p.c.b. mounting 

9-pin D-type connector 
(female) 

20MHz crystal 


tem. Use is made of its internal USB volt- R114 
age regulator, USB transceiver and USB 
pull-up resistors. A 20MHz crystal (X1), in 
conjunction with capacitors Cl and C2, 


680Q 5-way 
commoned SK4 
resitor module 

All 0.25W 5% carbon film unless X41 


provides the clock signal. The 20MHz stated : 
clock is increased to 48MHz inside the : TBI S-way terminal 
PIC. Capacitors pin block 


2-way terminal 
pin block 

Printed circuit board, available 
from the EPE PCB Service, code 
536; 20-pin d.i.l. socket; 28-pin d.i.l. 
socket; connecting wire; solder, etc. 


£25 


excluding case 


20p ceramic disc, TB2 
5mm pitch (2 off) 

C3 470n ceramic disc 
5mm pitch 

iu radial elect. 
10V (2 off) 


The PIC handles all communications C1, C2 
with the host over the USB bus and han- 
dles the two-way serial communication at 
115,200 bits per second to the MAX233 
RS232 driver/receiver, IC3. This device 
converts the OV to 5V signals from the 
PIC to +12V RS232 signals. The Semiconductors 
MAX233 generates the +12V levels inter- 
nally from the +5V supply line with no za ceG ee Aral 
external components. : 

The output from IC3 is routed to socket Glade: (seetext 
SK4 where the RS232 cable is connected. 

The five l.e.d.s (D1 to DS) are tied to the 
PIC's RBO to RB4 pins and are used for sta- 
tus indicators as explained later. Pins RB6 
and RB7 were used for in-circuit program- 
ming of the PIC during development of the 
software. The Reset switch, S1, connects IC1 
the PIC's MCLTR pin to the OV line, causing 
the PIC to restart the program. 


Construction 

Component and track layout details for 
the printed circuit board are shown in 
Fig.2. This board is available from the 
EPE PCB Service, code 536. Start 
assembly by soldering in the link wires, 
using 22-gauge single-core wire. Next, 
solder the small components: diodes, 
resistors and capacitors. Add sockets for 
the PIC18F2455, MAX233 and the 
20MHz crystal. 

Now place a mounting screw under the 
USB socket position if you plan to use 
that hole to secure the board in a box. 
The screw cannot be accessed once the 
USB socket is installed. Alternatively, 
you may prefer to use the board without 
a box, in which case you could fix four 
stick-on rubber feet to it later. 

Next mount the reset switch, and sock- 
ets SK3 and SK4. 

Omit those components which are for 
the MIDI interface, unless you intend to 
write your own PIC software for it. 

If you intend to program the PIC your- 
self using a programmer suited to the 
PIC18F2455, mount the programming 
connector, TB1, and test points TB2. Pre- 
programmed PICs and source code files 
are available as stated later. 


Software Writing 

Because Microchip wrote the CDC 
software in C, it was decided to write 
the remainder of the software in C as 
well. The C18 compiler is available for 


C4, C5 


Approx. Cost 
Guidance Only 


oT 
g 


USB CONNECTOR 


3.8in (96.5mm) 


2.5in (63.5mm) 


Fig.2. Component and track layout details for the PIC-Based USB Interface p.c.b. 
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Listing 1 Files For USB Device 


F [FILE_INFO] 
Source Files file _000=system\usb\usbmmap. c 
cde.c file_001=system\usb\usbdrv\usbdrv.c * 
main.c file_002=system\usb\usb9\usb9. c 
file _003=autofiles\usbdse.c 
temperature.c file _004=system\usb\usbetrltrf\usbetrltrf.c 
usb3.c file 005=system\usb\class\cde\cde.c 
betrltrt file 006=main.c * 
USDCUIT.C file _007=system\usb\usbmmap. h 
usbdry.c file 008=autofiles\usbefg.h 
file _009=system\usb\usb.h 
usbdsc.c file _010=system\typedefs.h 
usbmmap.c file Ol1l=autofiles\usbdse.h 
userc file_012=system\usb\class\cdc\cde.h 
‘i file 013=C:\mec18\1kr\18£2455. 1lkr * files modified 
Header Files = 
ede.h 
io_cfo.h Listing 2 USB Device Descriptor 
typedets.h rom USB _DEV_DSC device _dsc= 
cA { 
usb sizeof (USB_DEV_D5c), // Size of this descriptor in bytes 
. usbefg.h Ox01, // DEVICE descriptor type=1 
Ox0200, // USB Spec Release Number in BCD format=2.00 
usbdsc.h Oxo2, // Class Code, 2=CDC device 
Oxoo, // Subclass code 
usbmmap.h Oxo0, // Protocol code 
Object Files ox08, // Max packet size for EPO =8, see usbcfg.h 
“ “ Ox04D8, // Vendor ID 
Library Files ox000a, #/ Product ID: CDC RS-232 Emulation Demo 
° ° oxooo00, // Device release number in BCD format 
Linker Scripts Ox01, f/f Pointer to Manufacturer string descriptor 
rot Sf4550. Ikr 0x02, // Pointer to Product string descriptor 
. : Oxo00, // Pointer to Device serial number string (none) 
Other Files Ox01 // Number of possible configurations 
‘eG 


Fig.3. Files for the communication 
device class firmware 


download from Microchip (see later) 
and is free for the first 60 days. After 
that time the compiler reverts to an un- 
optimized version. For that reason, the 
PIC software for this project was com- 
piled with all optimization turned off. 

Part of this design’s software uses 
the CDC framework provided by 
Microchip, from whom it can be down- 
loaded free. Additional information on 
the CDC framework can be found in 
Ref.3. When the MCHPUSB code is 
loaded into the C18 compiler the project 
files are as shown in Fig.3. 

To compile the source code for this 
USB device, first delete the tempera- 
ture.c, user.c, usbefg.h and main.c files 
from the display. Then replace the 
main.c and usbefg.h files with the ones 
supplied for this USB interface. Listing 
1 shows the modified files installed in 
the project. If you are using a bootloader 
you can use the linker file supplied with 
the project, otherwise you should use the 
standard 18F2455.lkr file. 

The basic information about the 
device is contained in the device 
descriptor device_dsc, and configura- 
tion descriptor efg01 contained in file 
usbdsc.c. For example, the device 
descriptor, shown in Listing 2, tells the 
host that this is a CDC type device, and 
that the packet size for endpoint EPO is 
eight bytes. 

The vendor ID and product IDs are 
defined here. A vendor ID of 0x04D8 
identifies this as a Microchip device. 
Normally the vendor ID and product ID 
are used to identify the operating system 
driver to be loaded when the device is 
plugged into the USB port. 


Descriptor Pointers 

In addition, the device descriptor points 
to some string descriptors for the manu- 
facturer and product. The rom in the 
device_dsc type statement means that this 
constant information will be stored in pro- 
gram memory, thus freeing up valuable 
RAM memory on the PIC18F2455 device. 

The configuration descriptor, efg01, 
defines the amount of power that the 
device can draw, 100mA. Two interfaces 
are defined in the configuration descriptor. 
The first interface (#0) has one endpoint 
(EP02_IN) which does 8-byte interrupt 
transfers. EP02_IN is polled by the host 
every 2ms. The second interface (#1) has 
two endpoints (EP03_OUT and 
EP03_IN) which do bulk data transfers. 
The data packet size is 64 bytes. 

The string descriptors consist of a byte 
containing the size of the string descriptor, 
a byte containing the value “3” that identi- 
fies it as a string descriptor and a string 
containing the text in Unicode format. 
Microchip has cleverly performed the con- 
version to Unicode by declaring each 
character as a word type. 


Variable Locations 

The Microchip CDC framework soft- 
ware is general-purpose and automatically 
allocates the USB (400h-7FFh) region of 
memory. Because the framework does this 
automatically, it is not as clear where vari- 
ables are located in memory, as is the case 
when using assembly language or allocat- 
ing the variables manually. 

The PIC18F2455 has rules as to how the 
memory must be allocated, which are 
defined in Ref.4. Table 1 shows the USB 
portion of the PIC18F2455 memory as 
allocated by the Microchip USB frame- 
work and the main.c program. 
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The framework provides several func- 
tions which are used to communicate over 
the USB: 

@ mUSBUSARTIsTxTrfReady deter- 
mines if the USB engine is ready to accept 
a new string to transmit via USB 

@ mUSBUSARTTxRam writes a string 
of known length from data memory to 
USB 

®@ GetsUSBUSART reads a string from 
the USB 

e@ mCDCGetRxLength reports the 
length of the last string read from USB 

Microchip advises that these functions 
should not be used in a blocking manner 
such as: 


while ((mUSBUSARTIsTxTrfReady()). 


Since the CDC framework is written to 
poll the USB data, there must be nothing 
in the software that will cause a significant 
delay in the polling. 


Interrupts 

Although the USB portion of the pro- 
gram does not use any interrupts, it 
became necessary to use interrupts to han- 
dle the RS232 serial interface. Interrupts 
are triggered when a character is received 
or a character can be transmitted. 

It may be useful to follow along with 
the author’s source code available from 
EPE. Received characters are loaded into 
128-byte circular buffers (serial_ 
input_buffer and serial_output_buffer) 
by the usart_handler interrupt routine. 
The routines  serial_receive and 
serial_send are used to access the data in 
the buffers. 


Indicators 

A series of indicators has been imple- 
mented using the l.e.d.s. When the device 
is first powered up, all five l.e.d.s D1 to DS 
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RAM 


Buffer Descriptor Status 
Regi - 
400] variable|epObo.Stat of Reference 3 


Table 1 USB RAM Memory Allocation 


Address |Value 
(hex) (hex)  |Variable Name Description Function 


Buffer Descriptor Table 


gister (See page 171-174 |(BDT) for Endpoint 0 Out 


# of Bytes to be transmitted 

(before transmission) or 

bytes transmitted (after 
epObo.Cnt transmission). 


402| = 18/ep0bo.ADRL Buffer Address Low Byte 
403] —-04/ep0bo.ADRH Buffer Address High Byte 


Buffer Descriptor Status 
Register (See page 171-174 
404| variable|epObi.Stat of Reference 3) 


epobi.Cnt 


406 epObi.ADRL Buffer Address Low Byte 


Buffer size in bytes (before 


receive) or # of bytes received 


(after receive). 


Buffer Descriptor Table 
(BDT) for Endpoint 0 In 


407| _—-04/epObi.ADRH Buffer Address High Byte 
403-413 | unused for CDC application 


Buffer Descriptor Status 
Register (See page 171-174 
418] variable|ep3bo.Stat of Reference 3) 
# of Bytes to be transmitted 
(before transmission) or 
bytes transmitted (after 
40}ep3bo.Cnt transmission). 


USBRAM4 


Buffer Descriptor Table 
(BDT) for Endpoint 3 Out 


41Al  O8]ep3bo.ADRL Buffer Address Low Byte 
| ss OS5/ep3bo.ADRH Buffer Address High Byte 


420-427| _... [SetupPkt[3] Endpoint 0 Out Buffer 
428-42F| —_... |CtriTrfData[a] Endpoint 0 In Buffer 


508-547| ——... |ede_data_nd64] 64 bytes Endpoint 3 Out Buffer 


7O0-77F| _... | serial_input_buffer(128) 128 bytes See 
780-7FF| _... | serial_output_buffer(128) 128 bytes PF tst—<—itsSSSSSSCU SRA 


are flashed sequentially. This indicates that 
the device is programmed and that the 
clock is running. Next, the l.e.d.s are 
flashed as shown in Table 2 while the USB 
enumeration is done. 

When the enumeration is successfully 
completed |.e.d.s D1 and D2 will flash alter- 
nately. During the first enumeration the oper- 
ating system will ask for a device driver. 

The user must point to the directory that 
contains the mehpcdc.inf file as shown in 
Fig.4. This file contains information that 
matches the product ID and vendor ID to 
the usbser.sys driver. The communication 
device class driver for Windows is called 
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usbser.sys and is part of the Windows 
2000/XP operating system. 

The system will complain that the driver 
has not passed the Windows Logo testing, 
which is surprising since Microsoft wrote 
the driver, but continue the installation any- 
way. When the software installation is com- 
plete you will see Fig.5 on screen. 

The flow of the main program is as fol- 
lows. The InitializeSystem routine flashes 
the l.e.d.s to verify that the program is 
working, initialises the USB and initialises 
the USART to a transmission rate of 
115,200 bits per second. The bit rate can be 
changed in the IntializeUSART routine. 


Next the serial interrupts are enabled by 
the EnableInterrupts routine. All of the 
USB transmissions are handled by the 
USBTasks routine which is part of the 
CDC framework provided by Microchip. 
The DataTransfer routine displays the 
USB status on the l.e.d.s by calling the 
BlinkUSBStatus routine. 

The USB_to_USART_handler handles 
the processing of received USB data and its 
transmission out via the RS232 connection. 
The USART_to_USB_handler does the 
receipt of incoming RS232 data and the 
queuing of the data for USB transmission. 
The display_leds routine is called by these 
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last two routines to control the l.e.d.s based 
on the data received by the device. 

Just to make it interesting, the receipt of 
certain characters toggle the l.e.d.s on and 
off. If a “0” is received, the logic showing 
the USB status in the l.e.d.s is turned off. 
Of course your imagination is the only 
limit to what can be done on the PIC once 
the USB data link is working. 

There was some difficulty with getting 
the RS232 input to work. The first problem 
had to do with some variables, like istart, 
that were used in both the interrupt routine 
and the main routines. These variables 
needed to be declared as volatile to make 
sure both routines used the latest values. 

A second problem had to do with the 
way the number of received bytes was cal- 
culated in the serial_rxbytes routine. This 
routine had to be modified to work with the 
C18 compiler. The C18 compiler was used 
to compile and link the C source into the 
MCHPUSB.hex file. 

If you are programming your own PIC, 
make sure that your system works with the 
PIC18F2455 since the programming algo- 
rithm is different to that for many other PICs. 


Hardware Testing 


Before plugging the device into your com- 
puter’s USB port, check its operation by 


Found New Hardware Wizard 


Please choose your search and installation options. 


Use the check boxes below to limit or expand the default search, which includes local 


Table 2 LED Blink Codes 


USB STATE LED 1 


LED3  LED4 | LED5 


Detached State a a 
fon | 


[on 
| Powered State fom 


off off 


| DefaultState fof on oh ok of 
[blinking off off of ofr 

: [blinking [off _.-—- off scoff 
LEDs toggled between 


ASCI “0” received via USB 
or USART 


Configured State and all off. 


ASCI ‘1’ recerved via USB toggled unchanged | unchanged unchanged | unchanged 
or US ART 


ASCI ‘2? recerved via USB unchanged 
or USART 


or USART 
or USART 


ASCI ‘5’ recerved via USB 
or USART 


applying a 5V power source to connector 
TB2. The first thing that should happen is that 
the Le.d.s should flash sequentially. This 
means that the device is powered and pro- 
grammed. The device should draw less than 
55mA. If it does not, stop and check the circuit. 

Do not plug the device into your USB 
port until you are sure your wiring is cor- 
rect or you may damage the port. Some, but 
not all USB ports, have overload protec- 
tion, so do not rely on it. 


toggled 
unchanged 


eee eee 


unchanged 
toggled 


unchanged 


unchanged 
unchanged 
toggled 


unchanged 
unchanged 


The next thing to do is to plug the device 
into the USB port and check that the device 
is properly enumerated (see earlier). This 
can be done using the USBVIEW program 
(see later). Fig.6 shows the output of the 
USBView program with the hardware and 
software of this article connected. 

USBVIEW shows that the device has 
one configuration and a maximum control 
packet size of eight bytes. It operates at full 
speed and has three open pipes. The first 


Found New Hardware Wizard 


Please choose your search and installation options. 


Use the check boxes below to limit or expand the default search, which includes local 


paths and removable media. The best driver found will be installed. paths and removable media. The best driver found will be installed. 


Search removable media floppy, CD-ROM...) Search removable media floppy, CD-ROM...) 


Include this location in the search: 


Include this location in the search: 


C:\MCHPFSUSB\fw\Cdc \inf\win2k_winxp 


v Browse 


C:\MCHPFSUSB\fw\Cdc \inf\win2k_winxp 


v Browse 


© Dont search. | will choose the driver to install. © Dont search. | will choose the driver to install. 


Choose this option to select the device driver from a list. Windows does not guarantee that 


Choose this option to select the device driver from a list. Windows does not guarantee that 
the driver you choose will be the best match for your hardware. 


the driver you choose will be the best match for your hardware. 


< Back | Next > | Cancel 


Fig.4. First device enumeration 


Found New Hardware Wizard 


Completing the Found New 


Hardware Wizard 


The wizard has finished installing the software for: 


3 Communications Port 


Click Finish to close the wizard. 


Fig.5. Successful completion of Windows driver installation 


File Action View Help 


(tea Jes) 


Fig.5. USBVIEW of installed device 


HseS@éOQ3=8a 


= By LANG-NOTEBOOK 
Mill Batteries 
WY Computer 
= Disk drives 
® Display adapters 
B Dvo/cD-ROM drives 
© IDE ATAJATAPI controllers 


> Keyboards 


Net Adapter 


_ 
@ PCMCIA adapters 


Yi Ports (COM &LPT) 


+ 8 Processors 
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‘@ IEEE 1394 Bus host controllers 


®) Mice and other pointing devices 


+ 5 PCMCIA and Flash memory devices 


2¥ Communications Port (COMS) 


Communications Port (COM5) Properties 


General | Port Settings | Driver || Details 


Bits per second: 
Data bits: 
Panty 


Stop bits: 


(R) PRO/Wireless 220086 Netwd 
tek RTL8139/8 10x Family Fast E} 


Flow control 


Fig.7. Device Manager view of installed device 
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pipe uses interrupt data transfers and is for 
device-to-host data transfers (82) every 
2ms and has a maximum packet size of 
eight bytes. 

The second pipe uses bulk data transfers 
and is for host-to-device data transfers (03) 
and has a maximum packet size of 64 
bytes. The third pipe uses bulk data trans- 
fers and is for device-to-host data transfers 
(83) and has a maximum packet size of 64 
bytes. We can also look at the USB device 
using the XP device manager as shown in 
Fig.7. 

It will be seen that the USB device 
looks like a standard Windows COM port 
(COMS). To Windows application pro- 
grams, like Hyperterminal or a program 
you might write in Visual Basic or C, the 
device will look like a standard COM 
port and can be accessed as one. 


Hyperterminal Test 

The final test involves using the 
Hyperterminal (or other) terminal emula- 
tion program. Plug the USB device into a 
Windows 2000/XP PC _ running 
Hyperterminal, connect a loopback plug to 
the RS232 socket on the USB as shown in 
Fig.8. With this configuration the transfer 
of data into and out of the device can be 
observed. 

RS232 data routed out of the device is 
sent back to it via the loopback plug. The 
data typed into Hyperterminal will also 
appear on the Hyperterminal screen after 
being sent to the USB device, sent out the 
RS232 connector, read back in the RS232 
connector and transmitted via USB back to 
the host. 

Although there are no data flow controls 
on the USART data, blocks of 15,000 char- 
acters have been sent and received success- 
fully at 115,200 bits per second using this 
device. 

One additional piece of information 
about using Windows programs like 
Hyperterminal with the USB device: if you 
unplug the USB device from the host com- 
puter with Hyperterminal running, when 
you plug the USB device back into the 
host, Hyperterminal will not be able to 
communicate with it. 

The proper sequence, if you want to 
unplug the device and reconnect it, is to 
shutdown Hyperterminal before unplug- 
ging. This applies whether the USB is dis- 
connected by unplugging or using its Reset 
switch (S1). 

For the final test, remove the loopback 
plug. Now if you type a “0” in the 
Hyperterminal the flashing l.e.d.s should 
stop. Typing consecutive “1’’s should turn 
on and off l.e.d. D1. Likewise “2, 3, 4, 5” 
should turn on and off l.e.d.s D2, D3, D4 
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Fig.8. USB-RS232 Testing Configuration 


and D5. Another “0” should set the L.e.d.s 
back to the USB status reporting mode. 

Note that this logic is seen to work 
when the loopback is plugged in, but it 
will not be seen when the USB “0” takes 
the device out of USB status reporting 
mode — the “0” being echoed from the 
loopback plug puts it back into USB sta- 
tus reporting mode. 


Conclusion 

This is an interesting project which 
allows computers using the Windows 
2000/XP operating system to communicate 
with a PIC microcontroller over the USB 
port. The device allows computers that do 
not have a COM serial port to use legacy 
devices. 

This project also provides a practical 
introduction to USB, to CDC devices, to 
one of the new USB flash PICs and to the 
C18 compiler. As well as showing how 
l.e.d.s can be controlled via USB, it also 
provides the basics of getting data into and 
out of a PIC using USB, becoming the 
foundation of more complicated USB PIC 
projects. 


Resources 

Sourcecode is available for free down- 
load from our Downloads site, access via 
www.epemag.co.uk. 
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Learn how computers do maths without making your brain ache! 


HEN you come to think about it, 
W there are lots of “application- 

type” computer books along the 
lines of Learn Prof. Cuthbert Dribble’s 
Visual Programming V6.0 In 21 Days (you 
often have only 21 days, because that’s 
when version 7.0 of the software is going 
to come out). Sad to relate, however, there 
really aren’t many tomes — outside of 
mega-complex University courses — that 
teach how computers actually work. 

In order to address this sad state of 
affairs, the authors decided to pen their 
own humble offering. One point we con- 
sidered is that it’s a lot easier to learn how 
to do something if you actually have a spe- 
cific project in mind. 

For example, if someone simply hands 
you a plank of wood, a saw, a hammer and 
some nails, you might hang around for a 
while pondering just what to do. But if you 
are also presented with the plans for a sim- 
ple bird table, then you can immediately 
leap into the fray with gusto and abandon. 

Thus, we decided to base a book (details 
are given later) on the concept of a simple 
calculator called the DIY Calculator, The 
cunning part of all of this is that we creat- 
ed the DIY Calculator as a virtual machine 
that runs on your home computer. This 
article is a spin-off from the book and is 
designed to give a brief introduction as to 
how the DIY Calculator functions. In order 
to facilitate this, you can download a fully- 
functional copy of the DIY Calculator 
software from our website at 
www.DIYCalculator for free (you'll find 
instructions on how to download and 
install the calculator on the website). 


Computers and Calculators 

In its broadest sense, a computer is a 
device that can accept information from 
the outside world, process that information 
using logical and/or mathematical opera- 
tions, make decisions based on the results 
of this processing, and — ultimately — 
return the processed information to the out- 
side world in its new form. 

The main elements forming a computer 
system are its central processing unit 
(CPU), its memory devices (ROM and 
RAM) that are used to store programs 
(sequences of instructions) and data, and 
its input/output (I/O) ports that are used to 
communicate with the outside world. The 
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Fig.1. The main elements forming a computer-calculator. 
Reproduced from How Computers Do Math with the kind permission of the publisher 


CPU is the “brain” of the computer, 
because this is where all of the number- 
crunching and decision-making is _per- 
formed. Read-only memory (ROM) has its 
contents hard-coded as part of its construc- 
tion; by comparison, in the case of random 
access memory (RAM), you can load new 
values into it and read these values back 
out again later. 

The term “bus” is used to refer to a 
group of signals that carry similar informa- 
tion and perform a common function. A 
computer actually makes 
use of three buses called the 


address bus to point to 2!6= 65,536 differ- 
ent memory locations, which are numbered 
from O to 65,535 in decimal; 
%0000000000000000 to 
%1111111111111111 in binary; or $0000 
to $FFFF in hexadecimal, where the con- 
cepts of binary and hexadecimal are briefly 
introduced a little later in this article. 
Once we’ve conceived the idea of a gen- 
eral-purpose computer, the next step is to 
think of something to do with it. In fact 
there are millions of tasks to which com- 


control bus, address bus, 
and data bus. The CPU uses 
its address bus to “point” to 
other components in the 
system; it uses the control 
bus to indicate whether it 
wishes to “talk” (output/ 
write/transmit data) or 
“listen” (input/read/ receive 
data); and it uses the data 
bus to convey information 
back and forth between 
itself and the other compo- 
nents. Our virtual computer 
is equipped with a data bus 
that is eight bits wide and 
an address bus that is 16 
bits wide. This allows the 


Fig.2. Screenshot of the DIY Calculator's interface 
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puters can be assigned, but the application 
we’re interested in here is that of a simple 
calculator. So what does it take to coerce a 
computer to adopt the role of a calculator? 
Well, one thing we require is some form of 
user interface, which will allow us to pres- 
ent data to — and view results from — the 
computer (Fig. 1). 

The calculator’s user interface primarily 
consists of buttons and some type of dis- 
play. Each button has a unique binary code 
associated with it, and this code will be 
presented to the computer’s input port 
whenever that button is __ pressed. 
Meanwhile, one of the computer’s output 
ports can be used to drive the display por- 
tion of the interface. 


A Simple Test Case 

In order to provide a simple demonstra- 
tion as to how the DIY Calculator works, 
download your free copy and install it as 
described on our website. Now use the 
Start > Programs > DIY Calculator > 
DIY Calculator command (or double- 
click the DIY Calculator icon on your 
desktop) to launch this little rapscallion, 
which should look something like the 
screenshot shown in Fig.2. 

Click the On/Off button on the calcu- 
lator interface to power it up and then 
click on some of the “0” through “9” but- 
tons. Nothing happens, because we 
haven’t loaded a program yet. In a 
moment we are going to create our own 
program, but just to provide a simple 
example, we’ve already provided a test 
case for you to play with as part of the 
download. 

Use the Tools > Assembler command 
(or click the appropriate icon in the main 
window’s tool bar) to launch an application 
called the assembler. Now use the assem- 
bler’s File > Open command to open the 
file called hello.asm that you’ll find in the 
CADIY Calculator\Work folder on your 
system. 

This program is in a low-level computer 
programming language known as assembly 
language. Each computer has its own 
assembly language, but once you’ve 
learned one (especially one as simple as 
ours), this makes it much easier to learn 
others if you need to do so. 

Now use the assembler’s File > 
Assemble command. This takes our source 
program and assembles (translates) it into a 
new file called hello.ram that contains the 
raw instruction and data values that will be 
processed by our virtual CPU. The con- 


Value Decimal Binary Hexadecimal 
zero 0 %0000 $0 
one 1 %0001 $1 
two 2 %0010 $2 
three 3 %0011 $3 
four 4 %0100 $4 
five 5 %0101 $5 
six 6 %0110 $6 
seven 7 %0111 $7 
eight 8 %1000 $8 
nine 9 %1001 $9 
ten 10 %1010 SA 
eleven 1 %1011 $B 
twelve 12 %1100 $C 
thirteen 13 %1101 $D 
fourteen 14 %17110 $E 
fifteen 15 %I111 $F 


Fig.3. Binary and hexadecimal 


Listing 1: Program to read button codes and write to the main display 


CLRCODE: .EQU $10 
MAINDISP: .EQU  $F031 
KEYPAD: .EQU_ $F011 
ORG $4000 
LDA CLRCODE 
STA [MAINDISP] 
LOOP: LDA [KEYPAD] 
CMPA $0F 
JC [LOOP] 
STA [MAINDISP] 
JMP [LOOP] 
END 


tents of this file are in a form called 
machine code, because this is the form that 
is actually executed by the computer 
(machine). 

Use the assembler’s File > Exit com- 
mand to dismiss this application. Next, use 
the Memory > Load RAM command to 
load the hello.ram file that you'll find in 
the C:\DIY Calculator\Work folder into 
the DIY Calculator’s memory. Finally, 
click the Run button to execute this pro- 
gram and see the message “Hello World” 
appear on the calculator’s main display. 


Binary and Hexadecimal 

In a moment we’re going to create our 
own program, but before we start, we need 
to understand that computers store and 
manipulate data using the binary number 
system, which comprises just two digits: 0 
and 1. One wire (or register bit/memory 
element) can be used to represent two dis- 
tinct binary values: 0 or 1; two wires can 
represent four binary values: 00, O01, 10, 
and 11; three wires can represent eight 
binary values: 000, 001, 010, O11, 100, 
101, 110, and 111; and so on. As our virtu- 
al computer has an 8-bit data bus, this can 
be used to represent 256 different binary 
values numbered from 0 to 255 in decimal 
or %00000000 to %11111111 in binary 
(where the “%” symbol is used to indicate 
a binary value). 

The problem is that humans tend to find 
it difficult to think in terms of long strings 
of Os or 1s. Thus, when working with com- 
puters, we tend to prefer the hexadecimal 
number system, which comprises 16 digits: 
0 through 9 and A through F as shown in 
Fig.3. 

In this case, we use “$” characters to 
indicate hexadecimal values. Each hexa- 
decimal digit directly maps onto four bina- 
ry digits (and vice versa of course). This 
explains why we noted earlier that our 16- 
bit address bus could be used to point to 
2'6= 65,536 different memory locations, 
which are numbered from $0000 to $FFFF 
in hexadecimal. 


The Accumulator (ACC) and 
Status Register (SR) 


There are just a couple more things we 
need to know before we plunge headfirst 
into the fray. As illustrated in Fig.4, 
amongst other things, our CPU contains 
two 8-bit registers called the accumulator 
(ACC) and the status register (SR). (In this 
context, the term “register” refers to a 
group of memory elements, each of which 
can store a single binary digit.) 


Everyday Practical Electronics, October 2005 


Fe Se $e HE HOHE Se HOE te Fe HE 


Code to clear main display 
Output port to main display 
Input port from keypad 


Set origin to address $4000 
Load ACC with clear code 
Store ACC to main display 


Load ACC from the keypad 
Compare accumulator to $0F 
Jump if C flag is set 

... else copy ACC to display 
Jump to LOOP 


End of the program 


As its name implies, the accumulator is 
where the CPU gathers, or “accumulates”, 
intermediate results. In the case of the sta- 
tus register, each of its bits is called a sta- 
tus bit, but they are also commonly 
referred to as status flags or condition 
codes, because they serve to signal (flag) 
that certain conditions have occurred. We 
will only concern ourselves with the carry 
(C) flag for the purposes of our example 
program. 

Since we may sometimes wish to load 
the status register from (or store it to) the 
memory, it is usual to regard this register as 
being the same width as the data bus (eight 
bits in the case of our virtual system). 
However, our CPU employs only five sta- 
tus flags, which occupy the five least-sig- 
nificant bits of the status register. This 
means that the three most-significant bits 
of the register exist only in our imagina- 
tions, so their non-existent contents are, by 
definition, undefined. 


The Program Itself 

For the purposes of this article, we’re 
going to create a simple program that first 
clears the calculator’s main display, and 
then loops around waiting for us to click 
one or buttons on the keypad. If any of 
these buttons are part of the “0” through 
“9” or “A” through “F” set, we’re going 
to display these value on the main dis- 
play. In a moment we’re going to enter 
our program as shown in Listing |. But 
before we do that, let’s walk through this 
code step-by-step. 

The first thing we do is to declare some 
constant labels and associated them with 


1 
oo 
Os | = Interrupt mask flag 
yr a 
3° ~ , O = Overflow flag 
BN) N = Negative (sign) flag 
a Z = Zero flag 
oe C = Camry flag 
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Fig.4. The accumulator (ACC) and 
Status register (SR) 
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certain values using .EQU (“equate”) com- 
mands. In the case of this program, the 
CLRCODE label is associated with a 
hexadecimal value of $10, which is a spe- 
cial code that will clear the calculator’s 
main display. By comparison, the 
MAINDISP label is associated with the 
hexadecimal value $F031, which happens 
to be the address of the output port that 
drives the calculator’s main display. 
Similarly, the KEYPAD label is associated 
with the hexadecimal value $FO11, which 
is the address of the input port that is con- 
nected to the calculator’s keypad. (Note 
that everything to the right of a “#’ charac- 
ter is treated as a comment and is therefore 
ignored by the assembler.) 

Following the .EQU commands we see a 
-ORG (“origin”) statement, which we use 
to specify $4000 as being the start address 
in our program. (The reason we use $4000 
is that this is the first address in the DIY 
Calculator’s virtual RAM. When we come 
to run the program, the DIY Calculator will 
automatically start at this address.) 

Next, we use a LDA (“load accumula- 
tor’) instruction to load our special clear 
code into the accumulator, and then we use 
a STA (“store accumulator’) instruction to 
copy this value to the main display, thereby 
clearing it. 

Now we find ourselves at the LOOP 
address label, which is where we are going 
to wait for the user to click on a key. There 
are a couple of things we need to under- 
stand here. First, our virtual calculator’s 
front panel contains an 8-bit register. By 
default, this register is loaded with a 
dummy value of $FF. When we click a but- 
ton on the keypad, a code associated with 
that button is loaded into this register. 
When the CPU reads from the input port 
connected to the calculator’s keypad, it 
actually reads the value out of this register. 
Furthermore, the act of performing this 
read automatically reloads the register with 
its default $FF value. Last but not least, the 
hexadecimal codes associated with the “0” 
through “9” and “A” through “F” keys are 
$00 through $09 and $0A through $0F, 
respectively (we’d have been extremely 
silly to make this work any other way). 

When we arrive at the LOOP label, we 
use a LDA (“load accumulator’’) instruc- 
tion to load the accumulator from the mem- 
ory location pointed to by the KEYPAD 
label. As we previously noted, this is the 
address of the input port connected to the 
calculator’s keypad. Next, we use a CMPA 
(“compare accumulator”) instruction to 
compare the contents of the accumulator 
with a value of $OF. 

If the value in the accumulator is larger, 
the carry (C) status flag will be loaded with 
1; this means that the user clicked a button 
whose code is higher than $0F, which we 
don’t wish to happen. Thus, if the user did 
click a button other than “O” though “9” or 
“A” through “F”, the JC (“jump if carry’) 
instruction will return the program to the 
LOOP label to await another key. 
Otherwise, we use a STA (“store accumula- 
tor’’) instruction to copy this key code to the 
main display, and then we use a JMP 
(“unconditional jump’) instruction to return 
us to the LOOP label to await another key. 

The final statement in the program is a 
-END that, not surprisingly, informs the 
assembler that its task here is completed. 
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Entering and Running the 
Program 


Now we’re really ready to rock and 
roll. If you haven’t already done so, 
launch the DIY Calculator and invoke 
the assembler. (If you still have the 
assembler open from running the test 
case earlier, then use its File > New 
command to create a new source code 
file.) 

Enter the program shown in Listing 1, 
use the assembler’s File > Save As com- 
mand to save this program with the name 
mykeytest.asm, and then use the assem- 
bler’s File > Assemble command to 
translate your source program into a 
machine code equivalent called 
mykeytest.ram (if any errors are report- 
ed in the status bar at the bottom of the 
assembler window, debug them and re- 
assemble the program). Finally, use the 
assembler’s File > Exit command to dis- 
miss this application. 

Click the On/Off button on the calcu- 
lator interface to power it up. 
(Alternatively, if the calculator is still 
powered up from running the test case 
earlier, then use the main window’s 
Memory > Purge RAM command to 
delete the old program from the calcula- 
tor’s memory.) Next, use the Memory > 
Load RAM command to load the 
mykeytest.ram file that you just created 
into the DIY Calculator’s memory. 

Now, click the Run button to execute 
this program and observe that the main 
display is cleared. The program is now 
looping around waiting for you to press a 
key. Try clicking several of the “0” to 
“9” and “A” to “F” keys and observe the 
corresponding characters appearing on 
the main display. Also try clicking some 
of the other keys (such as “=” and ‘“+’”) 
and observe that — due to the way in 
which we created our program — these 
are discarded and do not appear on the 
display. 


But Wait, There’s More! 


We’ve really only scratched the sur- 
face of what is possible with the DIY 
Calculator. For example, click the Reset 
button on the calculator’s front panel. 
Make sure the main window fills your 
screen, and then use the Display > CPU 
Registers, Display > Memory Walker, 
and Display > I/O Ports commands to 
invoke these utilities. As each tool 
appears, drag it to a clear area on your 
screen (if you have enough room on your 
screen, you might also try launching the 
Display > Message System utility). 

Now click the Step button on the cal- 
culator’s front panel a few times and 
watch what happens in the various dis- 
plays for each click. Next, click one of 
the number buttons — say the “6” key — 
and then click the Step button a couple 
more times, again watching the various 
displays for each click. 

Note that you can use the main win- 
dow’s Help > Contents command to 
learn more about what these diagnostic 
tools do. And if you want to experiment 
a little further, a slightly more testing 
example program that uses the DIY 
Calculator to implement a simple pseu- 
do-random number generator is 
described on the website. 


Further Projects 

The book, How Computers Do Math, is 
organized in an interesting way. First there 
are a series of chapters introducing funda- 
mental concepts such as Subroutines and 
Recursion. Each chapter is then backed up 
by a suite of interactive laboratories, each 
of which details what the reader will lean 
and how long it will take (typically 20 to 40 
minutes each), followed by step-by-step 
instructions that walk the reader through 
that lab. 

For educators, the CD ROM accompany- 
ing the book includes all of the labs as 
Adobe Acrobat files that can be printed out 
and used as handouts. Also, all of the illus- 
trations in the book are provided as 
PowerPoint slides that can be used as the 
basis for presentations. 

The chapters and labs build on each 
other until, at the end, we have a four func- 
tion calculator that can input numbers in 
decimal, convert them into 16-bit binary 
integers, perform addition, subtraction, 
multiplication, and division on these binary 
values, and then present the results from 
these calculations in decimal on the main 
display. But this is only a starting point. On 
the DIY Calculator’s website, it is intended 
to develop this much further by introducing 
the concept of floating-point values, 
describing our own simple floating-point 
format, and then implementing binary 
floating-point versions of our input, output, 
and math subroutines. (We are also going 
to do the same for Binary Coded Decimal 
(BCD) — check the website for more 
details.) 

And this is still just the beginning, 
because (in conjunction with schools, 
colleges, universities, and individual 
readers), we plan on creating subroutines 
(with associated documentation) to 
implement many more math functions. 
These will be provided on the website 
for folks to download and experiment 
with and — hopefully — to say “I can do 
better than that” and send in their own 
versions. 

As yet another example of something 
that may interest educators, as a final year 
project at the beginning of 2005, a team of 
students at the University of Newcastle 
upon Tyne, created VHDL models of the 
DIY calculator and then implemented a 
physical version of the little scamp using a 
field-programmable gate array (FPGA) 
development board. (Details of this proj- 
ect, including the VHDL source files and 
the project notes, are available on our 
website.) 

So there you have it. Now there is a way 
to learn about how computers work — and 
how they do math — that’s actually fun and 
doesn’t make your brain ache or your eyes 
water. We'd love to hear what you think 
about all of this, so please feel free to email 
us at info@DIYCalculator.com to share 
your thoughts and ideas. 

The book, How Computers Do Math — 
John Wiley & Sons, ISBN 0471732788 — is 
scheduled to roll off the printing presses 
September 2005. Throughout How 
Computers Do Math, we introduce the way 
in which computers work and walk readers 
through the process of creating a simple 
four-function calculator program (add, 
subtract, multiply and divide) from the 
ground up. 
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Australian army sets, commercial receivers adopted by 
the army, and army welfare reception sets. 
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Readers’ Circuits 


Ingenuity Unlimited 


Our regular round-up of 
readers’ own circuits. 

We pay between £10 and 
£50 for all material pub- 
lished, depending on length 
and technical merit. We're 
looking for novel applications and circuit designs, not simply mechani- 
cal, electrical or software ideas. Ideas must be the reader's own work 


Cybervox Light Interface — En//ightened Extermination 


ALEK aficionados will know that 
when these diabolical creatures speak, 
a set of head mounted lights flash in sym- 
pathy with each spine-chilling word spo- 
ken. The circuit shown in Fig.1 is designed 
to be attached to the EPE Cybervox (July 
'05) and will flash filament lights whenev- 
er a word is spoken. 
The voice signal is picked from the 
Cybervox board at connection point 19 
(junction of C16 and the signal side of 


VRS). The signal is passed via capacitor 
Cl to an amplifier formed around an 
LM351 op.amp. The voltage gain of this 
amplifier is adjustable from about x10 to 
x1000. The gain level set by VR1 forces 
the output of the amplifier to swing 
between the supply rails (referred to as 
clipping) — a situation which is normally 
to be avoided. 

In this application, however, these large 
voltage swings are usefully rectified by 


and must not have been published or submitted for publication else- 
where. The circuits shown have NOT been proven by us. /ngenuity 
Unlimited is open to ALL abilities, but items for consideration in this 
column should be typed or word-processed, with a brief circuit 
description (between 100 and 500 words maximum) and include a full 
circuit diagram showing all component values. Please draw all circuit 
schematics as clearly as possible. Send your circuit ideas to: 
Ingenuity Unlimited, Wimborne Publishing Ltd., 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. (We do not accept submissions 
for IU via email). Your ideas could earn you some cash and a prize! 


D1 and D2 and used to charge capacitor 
C4. As soon as the voltage across C4 
reaches 0-6V, transistor TRI conducts, 
turning on l.e.d. D3. Power transistor TR2 
is used to switch more demanding loads 
such as filament lights and will only 
require a heatsink if more than two bulbs 
are wired in parallel. 


Mike Boyden, 
Binfield, Bracknell 


JUNCTION OF —-VE C16 AND VRS 
(CONNECTION POINT 19, FIG. 6) 


L.E.D. FLASHES IN D3 
SYMPATHY WITH VOICE, 


O+9V 


Fig.1. Circuit for the add-on Cybervox Light Interface for the EPE Cybervox Dalek voice emulator project — July ’05 issue 
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Theremin Volume Control — \/\/aving Soundly 


N the EPE Theremin (Oct ‘04), Robert 

Penfold commented that his method for 
volume control gave a somewhat abrupt 
variation. Fig.2 shows an alternative, 
which still adheres to the concept of using 
hand capacitance to change the volume, 
but has the advantage of a nice gradual 
action whilst still allowing a tremolo 
effect to be obtained by fluttering the 
hand or fingers. 

The circuit is simple, easy to set up and 
has a low component count. As it was 
designed to be a direct replacement for 
Robert’s volume control, it only requires a 
single supply of 9V, and it could well be 
useful in other applications. 

The design is based on an ICM7556 dual 
timer, with one half functioning as an 
astable oscillator and driving the other, 
which is connected as a monostable pulse 
generator. The hand capacitance sensor is 
an aluminium plate, 18cm x 10cm as a 
rough match to hand size. This is mounted 
in the vertical plane and with the 10cm side 
vertical, and is situated at one side of the 
instrument case behind a 6mm thick sheet 
of MDF, which gives a convenient lower 
limit for hand proximity. 

The plate is connected directly to the 
7556, no isolating capacitor being needed. 
No specific timing capacitor is used either, 
and the inherent stray circuit capacitance 
gave a suitable frequency of about 25kHz 
with the 1-2MQ timing resistor, R1. This 
arrangement maximises the hand capaci- 
tance effect, for greatest sensitivity. 

In use, the monostable is adjusted by 
preset VR1 to have a period slightly 
shorter than that of the oscillator when a 
hand is not near the sensor plate, where- 
upon the output voltage is as shown in 
Fig.3a, changing to that in Fig.3b and 
then Fig.3c as the oscillator period pro- 
gressively lengthens when a hand nears 
the plate. 


This waveform is then inverted by a 
CA3140 op.amp, whereupon the time- 
averaged output voltage is low for the 
Fig.2a waveform and increases as a hand 
nears the sensor. Output averaging is per- 
formed by the R6, C4 filter, thus provid- 
ing the steady voltage needed to supply 
control current to pin 5 of the original 
CA3080 gain-control amplifier (IC4). 

The CA3140 was chosen not for its high 


input impedance but for its good slewrate 
characteristic and because its output bottoms 
at only a few millivolts above the negative rail, 
which is necessary to enable the CA3080 gain 
to be reduced to zero for total sound cut-off. 

For optimum operation, it is important that 
VRI is adjusted until zero sound is only just 
achieved and it is convenient therefore to 
have it as a front panel control. The Theremin 
note then becomes audible when a hand 
approaches within some 12cm to 15cm from 
the sensor plate. 

If VR1 is turned much below the 
setting for zero sound output then the 


ICla 
ICM7556 


HAND THRES 
SENSOR 


TRIG OUT 


GND CTRL 


TO PIN 5 
OF CA3080 
OP AMP 
(IC4) 


Fig.2. Theremin Volume Control circuit diagram 


tod 


Fig.3. Monostable output waveform 


monostable period will exceed that of the 
astable oscillator. This means that it will 
only trigger on alternate cycles of the 
oscillator, resulting in an output wave- 
form having about a 50:50 mark-space 
ratio and hence giving a considerable 
sound output in the absence of a hand 
near the sensor. 

This is a useful characteristic, simplify- 
ing any setting-up work on the Theremin 
tone production circuitry and also obviat- 
ing the need for Le.d. indication of control 
circuit functioning. 

Tony Read, Rugby 


Voltage Splitter — Sing/e Bias 


'HE commonly used method to split a 
single supply is to use an op.amp and 
two resistors, as shown in Fig.4. Using an 
LM386 audio i.c. instead of the op.amp, 
the resistors are not required, see Fig.5. 
This saves on board space. Of 20 LM386s 
tried, 15 of them split the voltage to within 
5%. The worst was 8-4%. This was suffi- 
cient for my application and would proba- 
bly be so for most applications. 
If more accurate splitting is required this 
can be done by connecting one or the other 


input to the negative rail via a 47kQ pot 
(Fig.6). With most examples the split could 
be set precisely. With a 12V supply and 
loading only the one side with a 200Q resis- 
tor (30mA) caused less than 0-5% change in 
the split (regulation). This is better perform- 
ance than the op.amp solution can provide. 
Op.amps are normally limited to 20mA 
of imbalance current. It is quite possible that 


other more robust audio amp i.c.s, such as 
the TDA2003, can be used if a more rigid 
split and a higher imbalance current is 
required. The LM386N-4 will handle 18V. 
The LM386N-1 has a quiescent current of 
8mA at 12V. This should not be too onerous 
even for a battery application. 
Neville Frewin, 
Fontainebleu, South Africa 


HALF 
SUPPLY 
VOLTAGE 


4V TO 12V 
SUPPLY 


HALF 
SUPPLY 
VOLTAGE 


HALF 
SUPPLY 
VOLTAGE 


4V TO 12V 
SUPPLY 


* 47k PRESET CONNECTED TO PIN 2 OR 3. ‘\ 
FOR ACCURATE SPLIT HALE 


VOLTAGE 


Fig.4. Splitter using an op.amp 


Fig.5. Splitter using an LM386 
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Fig.6. An LM386 splitter with trimmer 
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Pulsed Motor Speed Controller — Over and Out 


'HE circuit diagram shown in Fig. 7 was 

built to keep the speed of a motor con- 
stant with varying load conditions. It works 
by driving the motor with a train of 12V 
pulses, and varying the mark/space ratio of 
these pulses to control its speed. This 
method is reckoned to be more efficient 
than using a linear regulator because the 
series pass transistor dissipates much less 
power. 

The speed of the motor is determined by 
measuring the voltage developed across it 
when no power pulse is being applied (this 
is effectively using the motor as a genera- 
tor) and comparing its output voltage to a 
reference. 

The 555 timer, IC1, is configured in its 
astable mode with capacitor C3 and resis- 
tor R8 determining the “output low” pulse 
width. This is of constant duration (about 
7ms) and drives transistor TR1, via resis- 
tor R2, to feed a 12V power pulse to the 
motor M1. 

The “output high” duration (“the dead 
time”) is determined by the value of the 
timing capacitor charge current. This 
charge current is itself determined by the 
voltage developed across the motor when 
no power is being applied to it. This motor 
voltage is compared by comparator TR2 to 
a 4-7V reference voltage provided by 
Zener diode D2. 

So, if the voltage across the motor is less 
than about 3-5V transistor TR2 conducts 
and turns on TR3, its collector current 
charging timing capacitor C3. Resistor R7 
limits the maximum collector current of 
TR3 and so limits the minimum “dead 
time” of the power pulses. 


Switch-On 


At switch-on, the voltage developed 
across the motor between the power puls- 
es is zero so transistors TR2 and TR3 both 
conduct heavily and timing capacitor C3’s 
charge time is very short. As the motor 
accelerates to its target speed and its “gen- 
erated” voltage increases, TR2 and TR3 
both reduce their conduction, increasing 
the time it takes to charge C3 and so the 
“dead time” increases. 

Eventually, an equilibrium is reached 
when the voltage generated across the 
motor is about the same as the reference 
voltage minus the voltages dropped across 
TR2’s emitter-base junction and diode D1 
junction. Diode D1 protects TR2’s emit- 
ter-base junction from reverse bias during 
the 12V power pulse to the motor. During 
the power pulse both TR2 and TR3 are 
switched off so they have no effect on 
C3’s discharge current. 

Capacitor Cl reduces the voltage 
“spike” developed across the motor pro- 
duced by its internal inductance when the 
12V pulse ends, and is most important to 
protect transistor TR1. Capacitor C2 pro- 
vides a “soft start” for the motor by mak- 
ing the reference voltage build up slowly 
on switch-on; it can be omitted or 
increased in value as desired. 

If the circuit is unstable, for instance, 
the motor is continually starting and stop- 
ping, increase the value of resistor R4 to 
reduce the system gain until stability is 
achieved. 
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R2 
680Q 


Fig.7. Circuit diagram for the Pulsed Motor Speed Controller 


Fig.8. General set 


up of garage door DOOR 
‘ FRAME 
lock from inside of (woob) 


REDUCTION DRIVE 
PULLEY 5 een TYPE) 
o 
MOTOR 


LOCK Le o 


garage 


UP AND OVER 
GARAGE DOOR 
(METAL) 


Up-and-Over Lock Out 


I use the circuit with a motor and 
worm-type reduction drive salvaged from 
an old VCR (the cassette loading mecha- 
nism) to form part of a lock mechanism 
for an  up-and-over garage door, see 
Fig.8. All I had to do was add a small bolt 
through the output gear so that I could 
fasten the drive cord to it. 

The drive cord is “shock leader” for 
fishing lines — I do not know what that is 
used for but I know that it has a 451b break- 
ing strain rating, and its waterproof (the 
garage gets damp in the winter). 

The lock plates are both 1/4in. alumini- 
um and so rustproof and strong enough 
for the job. As can be seen from Fig.8, the 
motor lifts and lowers the lock plate 
thereby opening and closing the door 
lock. 

In practice, it works fine from no load 
to stall, though it is a bit juddery at low 
load. If the judder is too great, reduce the 
value of capacitor C3. The motor has a 
stall current of about 600mA, and it 
should be ensured that the series pass 
transistor TRI is still saturated under 
such conditions — reduce the value of 
resistor R2 if necessary to ensure that this 
is the case. 


INGENUITY UNLIMITED -@ 
BE INTERACTIVE 


IU is your forum where you can offer other readers the 
benefit of your Ingenuity. Share those ideas, 
earn some cash and possibly a prize. 


+12V 


Fig.9. Alternative base bias arrange- 
ment for transistor TR2 to give variable 
speed 


The circuit should work fine as a vari- 
able speed controller by varying the refer- 
ence voltage on TR2’s base (b), though jud- 
der may be encountered at low speeds and 
with low loads unless the timing capacitor 
C3 is reduced in value. Suitable circuit 
alterations for this are shown in Fig.9. It 
must be stressed that this circuit modifica- 
tion is untested. 

Peter A. Tomlinson, 
Hull, East Yorkshire. 
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Surfing The Internet 


Net Work 


Alan Winstanley 


AST month’s Net Work column highlighted AuthSMTP (see 

www.authsmtp.net), a third party mail service that promises 
to solve most outgoing email problems. This can be a perfect solu- 
tion for users having domain mail relaying problems, or other 
issues such as a regular ISP’s mail server being blacklisted due to 
spam campaigns. 

In use, AuthSMTP’s service is holding up extremely well and 
has been entirely trouble free for the past three months, offering 
superior performance to the writer’s broadband service provider, 
although the writer’s Eudora E-mail software was problematic ini- 
tially. A 14-day trial of AuthSMTP can be ordered online. 


They're Spying On Us 

This month we revisit the thorny topic of dealing with spyware 
and we take a look at some of the latest and most popular anti-spy- 
ware programs. Spyware is said to affect 90% of Windows PCs and 
can be dropped onto a computer in a number of ways. It may be 
included in some trial software, or it could originate from certain 
web pages or other computer files or downloads. Spyware pro- 
grams reside on a host computer such as a PC and may be used to 
transmit credit card numbers or login details to a third party, or 
may have marketing-related purposes instead. They may hijack 
your web browser home page as well. 

Some of the worst examples of spyware involve elements of 
“social engineering” which play mind-games by raising uncertain- 
ties in the minds of users and tricking them into clicking through to 
another web site. For example, a pop-up might appear that warns 
you that your PC has an infection (which it has: it’s the pop-up 
itself); clicking through might take you to a cheap utility software. 

In a recent example, the author became increasingly irked to find 
a pop-up advert appearing every time he visited eBay’s web site. 
By using the free spyware removal tool Ad.Aware (highlighted in 
May 2005 Net Work, see www.lavasoft.de), some spyware was 
detected, but every time it was deleted by Ad Aware, the pop-up 
advertisement re-appeared. Only by using a whole armory of anti 
spyware tools was the problem eventually cured. 

The pop-up was also deceptive, as it resembles an authentic dia- 
logue box that encourages neophyte computer users to click a 
“Next” button. The only redeeming grace was the unobtrusive 
warning link along the bottom of the pop-up. A similar pop-up also 
appeared, this time with a logo for “Casale Media’. This Internet 
marketing company claims to operate one of the world’s largest 
online media marketing networks, with 140 million “unique users” 
per month. 


€@) Warning 


WARNING! You may have critical errors on your PC. 


This wizard will help you improve the performance of your PC by removing critical system errors which may 
cause Frequent application crashes, instability or slow computer speeds, 


To continue by scanning your computer for critical errors, click "Next" below. 


F Nes | Cancel 
< > 


UN EE EE 


Example of a spyware-generated pop-up 
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Not Us, Guv‘nor 

The eBay problem was eventually tracked down to “People On 
Page” spyware advertising. I asked Casale Media to comment on 
this form of persistent pop-up advertising. Casale assured me that 
they do not have the ability to target anyone’s computer or put any 
software onto their machine. 

They added that they do not support pop-up advertisements and 
they specify that any site hosting adverts must only place pop- 
unders, and the amount of advertisements displayed to individual 
users is restricted to one per day. Casala blamed the persistent 
appearance of pop-ups on the presence of third party adware, as the 
Casale network only placed pop-unders — which appear after a 
short duration, underneath the main target web site. 

The source of the People on Page spyware could not be pin- 
pointed, and it proved troublesome to remove (it appeared to defeat 
AdAware SE), demonstrating the wisdom of using a range of spy- 
ware removal tools to hopefully cure any problems. 

Large portal sites such as www.download.com, www.share- 
ware.com, www.snapfiles.com and TUCOWS (The Ultimate 
Collection of Windows Software at www.tucows.com) are good 
places to start searching for utilities. Current anti-spyware con- 
tenders worth considering include: Paretologic’s Xoftspy 
(www.xoftspy.co.uk, free download, $39.95 one-time fee for the 
full version), the excellent Spyware Doctor (www.pctools.com 
£19.95) and the ubiquitous Spybot Search and Destroy (donation- 
ware) from www.safer-networking.org/en/download/. 

Webroot offers the acclaimed Spysweeper for $29.95 per year 
(free trial available from www.webroot.com). Other spyware tools 
to consider are Sunbelt Software’s CounterSpy which has a 15 day 
trial and costs $19.95 per year. See www.sunbelt- 
software.com/CounterSpy.cfm for their take on Microsoft’s own 
Anti Spyware tools, which is available in beta from Microsoft via 
http://tinyurl.com/47cus. 

Next month, I’ll be looking at ways of handling web site pass- 
words and logins, without having to resort to memory or some 
dog-eared notebook (that you lost anyway). If you have any com- 
ments, suggestions or feedback please email them to the writer at 
alan @epemag.demon.co.uk 
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PIC UN VEX sonn-secxes 


Our periodic column for your,PIC, programming enlightenment 


More on using a DS1267 dual digital potentiometer with a PIC 


of using the DS1267 dual digital 
potentiometer chip. We now look at 
some further aspects of its use. 


Stacked Configuration 

The potentiometers can be connected in 
series as in Fig.5. This stacked configura- 
tion allows the user to double the end-to- 
end resistance and the number of steps 
from 256 to 512 (9-bit resolution). 

The wiper output for the stacked pots is 
taken from the Sour pin, which is the mul- 
tiplexed output of the wiper of pot 0 (WO) 
or pot | (W1), as governed by the stack 
select bit (bit 0). If bit 0 = 0, the output to 
Sour will be that of WO. If bit 0 = 1, the 
Sour output will be from W1. 


i AST month we examined the basics 


17 times the number of DS1267s in the 
daisy-chain. 

An optional feedback resistor of 
between 2k and 10k can be placed between 
the Cour terminal of the last device and the 
first DQ input. This allows the PIC to be 
read as well as written to, or to circulate 
data through the daisy-chain. 

When reading data via the Cour pin and 
feedback resistor, the PIC must set its pin 
that controls the DQ line into a high- 
impedance (input) state. When RST is 
taken high, bit 17 is present on the final 
Court pin, which is fed back to the first DQ 
input through the resistor. The first DQ 
pin's status can then be read by the PIC. By 
successive clocking of the CLK line, the 
register contents can be read and stored 

into PIC registers 


MULTIPLEXER 


STACK 


allocated by the user 
for the purpose. 
When the CLK 
input is then taken 
from low to high, bit 
17 is loaded into the 
first position of the 
DS1267 register, 
and bit 16 becomes 
present on final Cour 
and first DQ pins. 
After 17 bits (of 17 


Fig.5. Stacking the pots 


Cascade Operation 

Multiple DS1267s can be daisy-chained 
as in Fig.6. As a data bit is entered into the 
shift register, a bit will appear at the Cour 
output. The stack select bit will always be 
the first out at the beginning of a transmis- 
sion. The Cour pin is always active regard- 
less of the state of RST. This allows the 
shift register to be read without changing 
its value. 

The Cour output can be used to drive the 
DQ input of another DS1267. When con- 
necting multiple devices together, the total 
number of bits transmitted must always be 


times the number of 

DS1267s_ in the 

daisy-chain), the 

data will have been 
shifted completely around and back to its 
original position. When RST is taken low 
to end data transfer, the same value as 
before the read occurred is loaded into the 
WO, W1 and stack select bit registers. 


Cascading Demo 

The demo code discussed last month sim- 
ply illustrates the writing of data to a single 
DS1267. It can also be used with two or 
more DS1267s cascaded, as in Fig.7. The 
control code now requires pot values 
appropriate to each pot in the chain. These 


PROCESSOR 
DS1267 


#1 


OPTIONAL FEEDBACK RESISTOR 
FOR READING BACK DATA (2K TO 10K) 


DS1267 


#1 


DS1267 


#1 


Fig.6. Daisy-chaining several DS1267 devices 


Everyday Practical Electronics, October 2005 


[RST CLK ov +5v 


DQ -5V | 


NEXT DS1267 


Fig.7. Cascading demo circuit 


codes are sent in the same way as with one 
DS1267, but as a serial stream of 17 x the 
number of DS1267s (two in this case). 

By deleting the goto ENDPOT com- 
mand the demo sends data to both chips. 
Note though that as written the code sends 
the first data group to the second chip, and 
the second group to the first chip. The 
ramping rate for the second pot group is 
higher than for the first. 


Practically Speaking 

In reality, it will be unlikely that repeti- 
tive looped control of one or more 
DS1267s would be required, unless 
ramped waveforms at various frequencies 
and slope angles were required. 

Instead, it is more likely the pot wiper 
values may only need to be changed peri- 
odically. For this the PIC would only set 
particular values into the POTVALx regis- 
ters immediately prior to the sending rou- 
tine being called (call SETPOTS). Then at 
the end of that routine, the goto SETPOTS 
command would be replaced by a single 
return command. 
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Applications 


The diagrams in Fig.8a and Fig.8b show 
two ways in which the DS1267 can be used 
in a circuit. In Fig.8b, the required pot is con- 
nected between the +5V and —5V lines. The 
wiper is then connected to the non-inverting 
input of a unity-gain (buffering) op.amp. The 
op.amp output can then be used to control 
some other aspect of the circuit. 


stage. In that application, the setting of the 
pots is performed via a PC coupled to the 
controlling PIC. 

It should be noted that any op.amp used 
as above should be defined as a rail-to-rail 
device. 


Data Readback 


A use for reading back data from a 
DS1267 has so far not been imagined. But 
should you wish to 


Vin 
N=0 


WIPER 
RESISTANCE 


DS1267 


INVERTED VARIABLE 
GAIN AMPLIFIER 


do so, a loop simi- 
lar to that in SET- 
POTS should be 
written, in which 
the PIC's data pin is 
set as an input. 
Three registers are 
then needed, one 
each for the pot 
data and one for the 
stack bit. The feed- 
back resistor 
referred to earlier 
must be added. The 


VARIABLE 
BIAS 
ADJUSTMENT 


Fig.8. Using a DS1267 with an op.amp 


Secondly, Fig.8a shows how the gain of an 
op.amp circuit can be amended by a DS1267 
pot. The gain of the circuit is set by the rela- 
tive resistance values at either side of the 
pot's wiper. A further implementation of this 
idea is shown in the full datasheet. 

In a forthcoming EPE project, a DS 1267 
is used with a single op.amp to control not 


process would then 
be along the lines of 
the logic in Table 2. 


— Meter 
Monitoring 


If an oscilloscope is not available, the 
WO, W1 and Sour waveforms can be moni- 
tored via a multimeter. This requires that a 
delay loop is put into the code, so that the 
analogue voltages at the three pins can be 
followed on the meter. As it stands, the 


Table 2. Data Readback Logic 


set RST high 

read data (DQ) bit and store it as the 
stack bit 

send clock high then low 

read data bit 

store it into bit 0 of PIC's first pot 
register 

rotate that register left by one place 

send clock high then low 

repeat process eight times 

repeat the last eight reads for the 
second pot register 

set RST low 

use the readback values as required 


Listing 2 


DELAY: decfsz COUNTERO,F 
goto DELAY 
decfsz COUNTER1,F 
goto DELAY 
return 


demo code is clocked at too fast a rate for a 
meter. 

Such a loop could consist of a routine 
such as that in Listing 2. This could be 
called by the command call DELAY 
immediately prior to the final command 
goto SETPOTS. This delay code would 
slow the wiper code changing routine by a 
factor of 256 x 256 = 65536. Other more 
sophisticated delay routines could be used 
instead, for example by using the PIC's 


only the gain, but also the offset bias of the 


timer to set the delay length. 
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Constructional Project 


Photic Phone 


Thomas Scarborough 


Using a single ultrabright I.e.d., this simple low-cost, high security, optical voice 
link achieved a range of four metres, and 15 metres with a single lens 


Te project slices up the human 
voice into forty-thousand binary seg- 
ments a second, transmits it over a 
light-beam, then re-integrates it at the other 
side. That is, it applies pulse width modu- 
lation (p.w.m.) to the voice, to create a 
binary transmission. This is far more 
advantageous than similar analogue cir- 
cuits, which typically achieve a range of no 
more than a few metres. 

The circuit presented here has a range 
approximately five times greater than sim- 
ilar analogue circuits. Without the use of 
lenses, the prototype Photic Phone 
achieved a range of four metres. With a 
single lens at the Transmitter, it achieved a 
range of 15 metres. In theory, therefore, 
with the use of two lenses, it should 
achieve a range of fifty metres using a sin- 
gle cheap, ultrabright l.e.d. 

The problem with similar analogue cir- 
cuits is that these depend on a light beam of 
continuously variable intensity. What hap- 
pens in this case is that, over distance, the 
subtler nuances of the light beam are lost — 
and with them the intelligibility of the voice. 

Transmitting a voice in binary form has 
the advantage of always transmitting at full 
intensity. This means that even the weakest 
nuances of a voice will reach the Receiver 
as strongly as the rest. 


Lighting The Way 

Besides being good fun, communicating 
via a light-beam may have certain advan- 
tages over other methods of transmission. 
It requires no wires, it needs no radio 
license, it is very cheap to implement, and 
it is all but impossible for anyone to eaves- 
drop on a transmission. Not only this, but 
the Photic Phone may also be used with 
fibre optic cable or a laser (at a price)! 

It has at least one further, less obvious 
use. This is to detect pulsed, reflected light. 
In this case the circuit would require a few 
small modifications, in particular the addi- 
tion of an oscillator to the Transmitter cir- 
cuit, and a diode charge pump to the 
Receiver. Such a circuit should have a 
potential range of a few metres with lenses, 
and would detect , for example, persons 
walking past a window or approaching a 
door. 
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In Concept 

While the Photic Phone has an unusual- 
ly good “line-of-sight” range, it does have 
two limitations in particular which the con- 
structor might wish to be aware of. First, it 
has a “tinny” sound which does not match 
the quality of the humble telephone. 
However, its sound quality is more than 
adequate for clear voice communication. 
Second, although it incorporates fairly 
effective filtering, there is likely to be an 
audible hum when it is used under a.c. 
lighting. 

The seed for this project was sown with the 
original Wind-Up Torch (EPE, October 2000). 
In order to conserve power, the author pulsed 
the torch’s light on the one hand, and gathered 
it with a lens on the other. It was then noted 
that a pulsed, focused ultrabright l-e.d. would 
easily light up objects 15 metres away. 


The next impetus came as the author 
was developing the Bat Detector (EPE, 
March 2004). While contemplating the cir- 
cuit diagram, it seemed obvious that it 
should be possible to transmit a modulated 
voice over a light-beam. This proved to be 
true, and a simple experiment achieved a 
short range. 

The author also wondered just how 
simple such a circuit might potentially 
be. At first a direct analogue-to-binary 
conversion of the voice at the voice’s 
natural frequency — around 300Hz — was 
tried. 

Although this had the advantage of great 
simplicity, the clarity of transmission (or 
lack of it) was such that one could barely, 
if at all, make out what was being said. 
Female voices were more easy to discern 
than male — perhaps due to their higher 
frequency. 


RELAXATION 
OSCILLATOR 


TWO-STAGE 
PREAMPLIFIER 


RECEIVER 


PREAMPLIFIER 


> 


H) 


TRANSMITTER 


aoe 


MOSFET 
AMPLIFIER 


AUDIO AMPLIFIER 


BANDPASS 
FILTER 


Fig.1. Block schematic diagram showing the general Transmitter and Receiver 
line-up that makes up the Photic Phone 
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Clarity further improved if compression 
was applied at the transmitter. However, 
this approach was obviously not destined 
for practical success. 

The obvious way to go, it seemed, was 
p-w.m. (pulse width modulation). This is 
not the same as digital transmission, since 
the latter converts the voice into equally 
spaced Os and Is, usually in a mathemati- 
cally encoded form. Nor is it the same as 
amplitude modulation (a.m.), which modu- 
lates the amplitude of a signal. Instead, 
p.w.m. chops up the voice into binary seg- 
ments with varying mark-space ratios, 
which correlate directly to the voice. 


Fast Response 

A breakdown of the Photic Phone sys- 
tem into the Transmitter and Receiver sec- 
tions is shown in the block diagram Fig. 1. 

The next key question was how fast an 
ultrabright l.e.d. would be able to switch. The 
author found that many ultrabright Le.d.s 
(although not white l.e.d.s) could switch at 
100kHz. Therefore, to be on the safe side, a 
modulating frequency a little above 40kHz 
was chosen for the circuit. 

Again, it was considered whether com- 
pression would be required at the transmit- 
ter. However, in practice this proved not to 
be necessary, on condition that one knows 
approximately how loudly to speak into the 
microphone. As shown, the piezo micro- 
phone needs to be held about 10cm from 
the mouth when speaking normally. 

As it turned out, one of the most impor- 
tant requirements of the circuit was filter- 
ing. Firstly, a low-pass filter (482Hz) was 
required to reduce acoustic feedback. An 
early prototype produced acoustic feed- 
back at 15 metres distance. This low-pass 
filter also doubles as demodulation or 


“decoding” for the modulated voice. 


from inverting input pin 2, instead of output 


Completed prototype Transmitter circuit board. The passive piezoelectric sounder 


acts as the circuit's microphone 


Secondly, it was necessary to include a 
high-pass filter (175Hz) at the receiver 
end, to suppress the hum of a.c. lighting. 

Note that since a power MOSFET (TR1) 
is used to switch the ultrabright l.e.d. D1, 
the light output of the Transmitter could 
easily be increased. A few ultrabright 
l.e.d.s could be used at once, or even the 
exceptionally bright Lumileds that are now 
available on the hobbyist market. 


Transmitter Circuit 

The full circuit diagram for the 
Transmitter stage of the Photic Phone is 
shown in Fig.2. Op.amp IC1a is configured 
as a relaxation oscillator, running at just 
over 40kHz. Notice that its output is taken 


pin |. This is to obtain a rough approxima- 
tion of a triangle wave for the modulating 
signal, which is presented to IC1d pin 13. 

Next, a simple preamplifier, IC1b and 
IClc, is employed to amplify the signal 
from a piezo microphone, MIC1. This is a 
cheap, disc type, piezo sounder, without an 
integral drive circuit. 

The potential at IC1b non-inverting input 
pin 5 is lightly biased through resistors R1 
and R2, and gain is set through resistors R7 
and R10. The values of these two resistors 
may be increased for greater sensitivity, 
and vice versa. However, bear in mind that 
greater sensitivity means _ increased 
acoustic feedback, which is more problem- 
atic at shorter distances. 


Ri 
1M 


1 
IRF610 


Fig.2. Complete circuit diagram, less power source, for the Photic Phone Transmitter 
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Resistors R11 to R13 are particularly 
important to the circuit, since these “‘con- 
tain” the signal at IC1d input pin 12 within 
one-third and two-thirds of the supply volt- 
age. That is, the maximum amplitude of the 
preamplifier signal at ICld input pin 12 
matches the maximum amplitude of the 
modulating signal at IC1d input pin 13. 

Lastly, the gate (g¢) of MOSFET TR1 is 
biased at its switching voltage through 
resistors R14 to R16, so that a modulated 
signal at ICld output pin 14 causes the 
ultrabright “transmit” Le.d. D1 to switch. 
If a different MOSFET is used, R14 to 
R16 may need to be adjusted so that the 
potential at TR1’s gate (g) approximates 
the switching voltage. Bearing this in 
mind, most power MOSFETs may be 
used. 


Receiver Circuit 

The complete circuit diagram for the 
Receiver section is shown in Fig.3. This 
comprises a preamplifier, IC2, followed by 
a simple passive bandpass filter, and a 
500mW r.m.s. audio amplifier i.c. IC3. 

The “receive” photodiode D3 was 
taken from the author’s spares box, but 
any sensitive photodiode or phototransis- 
tor may be used here, e.g. the Siemens 
SFH203. As a rough guide, the resistance 
of the author’s photodiode fell below 
10k@ when situated 10cm from the 
“transmit” Le.d. D1. 

Resistor R18 may be modified to suit 
D3, and ideally the potential at the D3/R18 
junction would be about half supply volt- 
age when receiving. A light dependent 
resistor (l.d.r.) also worked here, but with 
much reduced sensitivity. 

Of course, an infra-red diode could be 
used for D1, with a matching photodiode or 
phototransistor for D3. In this case, the 
Photic Phone would communicate invisi- 
bly. However, considering the difficulty of 
working with an invisible beam, the author 
would not wish to attempt this himself! 


Component layout on the finished Receiver board 


Light Signals 

The potential at the junction between 
photodiode D3 and resistor R18 fluctuates 
rapidly as a light signal is received. This is 
fed to the non-inverting input (pin 3) of pre- 
amplifier IC2 by means of coupling capac- 
itor C8. The preamplifier’s non-inverting 
input (pin 2) is biased by means of resistors 
R19 and R20. 

After this follow five passive filters, 
which make up a second-order low-pass fil- 
ter (cut-off 482Hz), and a third-order high- 
pass filter (cut-off 173Hz), which form a 
bandpass filter when combined. This filter 
essentially permits the voice to pass, while 
filtering out both low frequency ripples 
caused by a.c. lighting, and the high fre- 


quency modulating signal. While active fil- 
ters could have been used in this circuit, 
this would not have contributed to a sim- 
pler circuit, nor would it strictly have been 
necessary. 

The fact that the high-pass filter is 
third-order, and its cut-off frequency rel- 
atively high, reveals that ripple from a.c. 
lighting was problematic during devel- 
opment of the circuit. While this filter 
does not completely eliminate hum, it 
greatly reduces it, particularly if photo- 
diode D3 is placed in a black tube (see 
Fig.6). One could insert another high- 
pass filter if desired. 

The author was unable to find the 
required 9-2 kilohm resistors for the fil- 


D2 +12V 
4N4001  _S2 a 
K1<2—o So—0 
C12 
100n 
R19 
_ ca 
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TEXT) 220u 100n 
a 
(jz RECEIVE oo 
k 
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22k iw ‘we eS KS On “SEE TEXT 
—12V (OV) 
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Fig.3. Full circuit diagram for the Receiver section of the Photic Phone. Note the lens is optional — see text 
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COMPONENTS 


Resistors 


R1,R2, R11 to R13, 

R19,R20 1M (7 off) 

R3, R5, R6 220k (3 off) 

R4, R9, R21 1k (3 off) 

R7, R14 47k (2 off) 

R8, R15, R16 27k (3 off) 

R10 4k7 

R17 5102 

R18 22k 

R22,R23 3k3 (2 off) 

R24 to R26 
All 0.25W 5% carbon film 


Potentiometers 


VR1 500k enclosed round preset 


Capacitors 


C1 470p ceramic or polyester 


C2 to C5, C7, 
C9 to C14, 


9k2 (10k and 100k in parallel) (3 off) 


C16 to C19, C21 100n ceramic or polyester (16 off) 


C6, C15, C20 


ter, however, an easy solution is to use 10 
kilohm resistors and to wire 100k resis- 
tors in parallel, which equals about 9-1 
kilohms. 

The cut-off frequency of the filters is cal- 
culated with the formula f=27CR. The two 
low-pass filters comprise R22/C11 and 
R23/C13, while the three high-pass filters 
comprise resistors R24 to R26 and capaci- 
tors C14, C16 and C17. 


Audio Amplifier 

The audio signal amplifier, IC3, uses 
the popular LM386N-1 i.c., which puts 
out a respectable 0-SW r.m.s. into 8 
ohms. Capacitor C19 is used as a final 
low-pass filter, recommended in data 
sheets (usually its value lies around 
10nF), and C15 is a coupling capacitor 
for loudspeaker LS1. 

To simplify design, the usual Zobel 
network at the output of IC3 was omitted. 
Capacitor C12 is used to boost the ampli- 
fier’s gain, and this may be increased up 
to 10uF for increased gain, its positive 
terminal wired to pin 1 of IC3). 

The current consumption of both 
Transmitter and Receiver is fairly high 
(about 15mA each), therefore two 12V 
sealed lead-acid batteries would be rec- 
ommended, or two 12V regulated power 
supplies. 


Construction 

The printed circuit boards (p.c.b.s) for 
the Transmitter and Receiver both meas- 
ure just 80mm (3-15in.) x 55mm 
(2-17in.) Instructions are given here for 
soldering both boards simultaneously. 

The component layouts, off-board 
wiring and underside copper foil master 
patterns for the Transmitter and Receiver 
p.c.b.s for the Photic Phone are given in 
Fig.4 and Fig.5. These boards are avail- 
able as a pair from the EPE PCB Service, 
codes 531(Trans.) and 532(Rec.) 
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220u radial elect. 16V (3 off) 
C8 10n ceramic or polyester 


Approx. Cost 
Guidance Only 


Semiconductors 


D1 
D2, D4 
D3 


TR1 
IC1 

IC2 
IC3 


Miscellaneous 
MIC1 


$1, S2 
LS1 
Bi, B2 


£18 


excl case, lens and batts 


ultrabright red I.e.d. (See text) 
1N4001 50V 1A rect. diode (2 off) 
sensitive photodiode or phototran- 
istor (e.g. SFH203 — see text) 
IRF610 n-channel power MOSFET 
TLO74CN quad j.f.e.t. op.amp 
TLO71 j.f.e.t. op.amp 
LM386N-1 audio amplifier 


8V to 30V piezo sounder, without 
integral driver) 
s.p.s.t. toggle or slider switch (2 off) 
0-5W 8 ohm miniature loudspeaker 
12V sealed lead-acid battery or 12V 
regulated power supply — see 
text (2 off) 


Printed circuit boards available from the EPE PCB 
Service, codes 531(Trans.) and 532(Rec.); 8-pin d.i.l. 
socket (2 off); 14-pin d.i.l. socket; ABS plastic case, size 
and style to choice (see text); lenses (optional — see text); 
screened microphone cable (optional); cable ties; battery 
clip (2 off); solder pins (12 off); solder, etc. 
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3.15in (80mm) 


Fig.4. Transmitter printed circuit board component layout and wiring details 
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Since the two circuits amplify audio 
signals, and operate at a relatively high 
frequency, good solder joints need to be 
made throughout. All the components 
are fairly robust, and should not suffer 
from a good (though not excessive) 
application of solder. The integrated cir- 
cuits should not be inserted in their dual- 
in-line (d.i.].) sockets until circuit board 
construction has been completed and 
double checked for any component 
placement errors or bad soldering con- 
nections, including “bridged” copper 
tracks. 

Working on each board in turn, begin 
construction by soldering the twelve sol- 
der pins, the three d.il. sockets, the 
twenty-six resistors and twenty-one 
capacitors (note the polarity of C6, C15 
and C20). Solder preset potentiometer 
VRI1, diodes D1 to D4 (D1 and D3 may 
be situated off-board for convenience), 
and transistor TRI. 

Follow this by attaching the piezo 
microphone MIC1, loudspeaker LS1 and 
the two battery clips, observing the cor- 
rect polarity, to the circuit boards as 
shown in Fig.4 and Fig.5. Finally, insert 
IC1 to IC3 in the d.i.l. sockets, observ- 
ing their correct orientation. 


Final Assembly 

Suitable ABS plastic cases may be 
used for the Transmitter and Receiver, 
with the Transmitter being mounted on a B2 (+VE) 
tripod if desired. The piezo 
sounder/microphone MICI may _ be 
mounted in a separate, small ABS case, RECEIVER 
and wired to the p.c.b. by means of 
screened microphone cable to make a ; a 7 
“CB-style” handheld microphone. 

Lenses may be used with the k 
Transmitter and Receiver as shown in Vi i+) 
Fig.6, and each should increase the ah 
range of the Photic Phone a few times 


over. Either add a single lens at the [Ri9 +o 

Transmitter (see photograph), or lenses [mi be aaa fie al (@ 7 
Hl f fl bd 19) 
e e 


Experimenting with a lens in front of the Transmitter’s ultrabright light emitting diode 
(I.e.d.) to check its operating range. With no lens it reached four metres and with it 
achieved a range of around 15 metres. The completed Receiver board is shown 
below left. 


B2 (OV) 


9 

R 

oO 
st 
[+] 
@Xoe 
@so8e) 
ele |e 

a 

ie) 


at both the Transmitter and Receiver. (Cann) 
The lenses are positioned so that the 
semiconductor chips within D1 and D3 
are located precisely at the focal points 
of the lenses. A method for determining 
the approximate focal length of a lens is 
shown in Fig.6. 


Fig.5. Printed circuit board compo- 

nent layout, full size copper foil rt 
master and wiring details for the 

Photic Phone Receiver board 


2.16in 
(55mm) 


3.15in (80mm) 
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Setting Up and Use 
OPTICAL RECEIVER ADJUSTMENT Begin the setting up procedure by turn- 
ing the Receiver’s preset Gain control VR1 
up (clockwise) about one-third. If the cir- 
— a — cuit is powered up under a.c. lighting, a soft 
hum should be heard. If the volume of the 
7 hum varies as you move your hand across 
photodiode D3, this is a likely indication 
; that all is well with the Receiver. 
0 Now place the Transmitter about one 
NSE AND GUN sees 5 j metre from the Receiver, with the ultrabright 
i ! l.e.d. D1 pointing directly at photodiode D3. 
a) (eee fans, b) When you power up the Transmitter, D1 
! should immediately illuminate, and there 
may be a squeal in loudspeaker LS1 due to 
acoustic feedback. 

If there is no acoustic feedback, tap 
microphone MIC1. The tap should be 
heard in the loudspeaker. In the case of 
acoustic feedback, back-off (turn anti- 
clockwise) preset VR1 slightly until the 
Receiver is silenced, then tap microphone 
MIC1. Again, the tap should be heard in 
the loudspeaker. 

From here on, it is now merely a matter 
of “pushing the boundaries” by increasing 
the range, experimenting with the gain of 
the Receiver with preset VR1 (note that 
higher gain does not always translate to 
better performance), and by experiment- 
ing with lenses. It should be found that, 
with a single lens at the Transmitter, the 
Photic Phone should operate over 10 
metres’ distance with ease, and likely a 
good deal further. 

Note that for two-way, “line-of-sight” 
Fig.6. (a) Method of reducing mains lighting hum, (b) suggested adjustable lens communication you will require two sets of 
mounting arrangement and (c) determining the approximate focal length of a lens Photic Phones. 
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INTER NC e 


Robert Penfold 


USING A D/A CONVERTER IN A TRANSISTOR TESTER 


1 the previous /nterface article we con- 
sidered the basics of using a digital to 
analogue converter to provide analogue to 
digital conversion. In particular, the use of 
this method in an “improved” transistor 
tester was considered. Most transistor 
testers use a fixed base current which pro- 
duces a collector current that varies widely 
depending on the gain of the device. 

The method outlined previously uses a 
“suck it and see” approach that steps-up the 
base current until a certain collector current 
is achieved. In other words, it uses a fixed 
collector current and a variable base cur- 
rent. This ensures that the gain reading is 
always taken at a reasonably high collector 
current where the test device will operate 
quite efficiently. This avoids having low 
gain but serviceable transistors being erro- 
neously indicated as duds. 


Transistor Tester Circuit 

The circuit diagram for the transistor 
tester appears in Fig.1. The digital to ana- 
logue converter is based on an AD557JN 
chip (IC1), and this has been covered in 
recent Interface articles. It is an 8-bit con- 
verter that has an output voltage range of 0 
to 2-55 volts, which equates to a resolution 
of 10 millivolts. In this application a volt- 
age swing of 2-55 volts is adequate and it is 
not necessary to use any amplification. 
Some signal conditioning is required 
though, since it is actually a variable output 
current that is needed and not a variable 
voltage. 

Of course, using a series resistor gives a 
simple but often effective form of voltage- 
to-current conversion, but in this case about 
0-6 volts is needed before a significant cur- 
rent will start to flow. This is simply due to 
the fact that a silicon transistor has a 


ICl 
AD557JN 


forward threshold potential of about 0-6 
volts. Once that threshold has been 
reached, large increases in the base current 
produce little increase in the base voltage. 

One way around this problem is to sim- 
ply adjust the mathematics of the software 
to take the forward threshold voltage into 
account. A slight drawback of this method 
is that it reduces the effective resolution of 
the system, with output values from 0 to 60 
being left unused. The alternative used here 
is to process the output voltage of ICI 
using a simple non-inverting buffer ampli- 
fier based on IC2. However, the inclusion 
of D1 in the negative feedback network 
adds about 0-6 volts to the output potential 
from IC1, nullifying the forward threshold 
voltage of test components. 


NPN Testing 

The base of a npn test device is driven 
from the output of IC2 via resistor R2. The 
collector load resistor for an npn test tran- 
sistor is R3, and IC3 is used as the voltage 
comparator. 

The Select In handshake input is used to 
monitor the output of IC3. R4 and RS set 
the comparator’s threshold voltage at half 
the supply potential, or 2:5 volts in other 
words. The base current is incremented 
until the collector voltage falls below this 
level, which occurs with a collector current 
of just over 20 milliamps. 

This is high enough to ensure that any 
test device will operate efficiently, and real- 
istic readings should even be obtained 
when testing power transistors. On the 
other hand, the test current is not so high 
that small signal transistors are in danger of 
being zapped. 

The base current is a little over eight 
microamps per LSB, so multiplying the 


1N4148 


RS 
1C2,3,4 = CA3130E 10k 


GND& 


Select Ino-———— 


final value output to the converter by eight 
gives the base current in microamps. The 
current gain of a transistor is equal to its 
collector current divided by the base cur- 
rent, and with this design the collector cur- 
rent is 20 milliamps (20000 microamps). 

Dividing 20000 by the final base current 
therefore gives the current gain of the test 
component. The mathematics can be sim- 
plified slightly, and dividing 2500 (20000/8 
= 2500) by the final value sent to the con- 
verter gives the current gain of the test 
device. 


PNP Testing 

Some additional circuitry is needed in 
order to accommodate pnp test devices. 
The base current for a pnp test transistor is 
fed via R6 to a simple current mirror based 
on TRI and TR2. The collector of TR2 dri- 
ves the base of a pnp test device, and sinks 
a current that is approximately equal to the 
input current via R6. Resistor R7 acts as the 
collector load for pnp test components, and 
IC4 acts as the voltage comparator that 
detects the collector voltage going through 
the half-supply level. Its output is moni- 
tored by the printer port’s Paper Out hand- 
shake line. 

The connections to the two voltage com- 
parators are such that their outputs go high 
when the 20 milliamp threshold current is 
exceeded. The software therefore has to 
increment the base current until a high 
logic level is detected from the relevant 
comparator. Rather than having npn/pnp 
switching, the interface has separate npn 
and pnp test sockets. 

The circuit requires an accurate and sta- 
ble +5V supply that can handle currents of 
up to 50 milliamps. The connections to the 
printer port are made using a piece of 


caper Out O——— 


Fig.1. The circuit diagram for the Transistor Tester. Separate test sockets are used for npn and pnp test transistors. 
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Fig.2. The 11 connections to the printer 
port are made via a 25-way D-type 
connector. 


1l-way ribbon cable that will probably 
have to be peeled from a 20-way cable. It is 
advisable to use a connecting cable that is 
no more than about two or three metres 
long. A 25-way male D connector is fitted 
at the PC end of the cable, and the correct 
method of connection is shown in Fig.2. 

All four integrated circuits are MOS 
devices that require the usual anti-static 
handling precautions. Diode D1 can be any 
small signal silicon diode such as a 1N914 
or 1N4148. For optimum accuracy with 
pnp test components the current gains of 
TRI and TR2 should be reasonably well 
matched, so there is an advantage in using 
two components from the same gain group 
(e.g. BC549Cs). 

Miniature 3-way DIN sockets are suit- 
able for making the connections to most 
small transistors. It is necessary to make up 
a set of test leads to accommodate awkward 
transistors such as power types. The con- 
nections to power devices can be made by 
way of miniature crocodile clips or small 
spring-loaded test prods. 


Software 

The sample program for the transistor 
tester is an extension of the analogue to 
digital converter program described in the 
previous Interface article. The form has 
two labels (see Fig.3), one of which acts as 
the digital readout, while the other just pro- 
vides a “Transistor Tester’ heading. There 
are two command buttons, and operating 
the appropriate one takes a reading from an 
npn (Command1) or pnp (Command?) test 
transistor. The subroutine for the npn but- 
ton is in Listing 1. 

The routine is a For Next loop that outputs 
values from | to a maximum of 255 to the data 
lines of the printer port. The count is started at 
1 rather than 0 in order to avoid errors later in 
the routine due to a division by zero. 


EPE BINDERS 


The EPE ring binder uses a special system to allow the issues to be easily removed 
and re-inserted without any damage. A nylon strip slips over each issue and this pass- 
es over four rings in the binder, thus holding the magazine in place. 
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gold on the spine. They will keep your issues neat and tidy but allow you to remove them 


for use easily. 


The price is £7.95 plus £3.50 post and packing. If you order more than one binder 
add £1 postage for each binder after the initial £3.50 postage charge (overseas read- 
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which costs £10.50 each). 
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Each time the value in variable “loop- 
count” is incremented, the corresponding 
current gain is calculated and displayed on 
the digital readout. However, the value is 
incremented so fast that only the final gain 
figure is actually displayed. 

When bit 4 of the handshake input port 
(&H379) goes high, loopcount is set at 255 
and the loop is brought to a halt. This line 
is placed at the end of the loop so that the 
display is left showing a valid reading. 

If the measured current gain is less than 
10, an If....Then instruction displays 
“OPEN” on the readout. This indicates that 
the test device is not exhibiting a significant 
amount of current gain and it has probably 
gone open circuit. 

It is important that each test device is 
checked initially without the base terminal 
connected. This should result in “OPEN” 
being displayed, because only minute leak- 
age currents will flow through a serviceable 
device with no base current applied. 
Obtaining any gain reading when no base 
current is applied indicates that the test 
component has an excessively high leakage 
current and is faulty. 

A current gain reading of 2500 is inter- 
cepted by another If....Then instruction that 
displays “CLOSED” on the digital readout. 
Real-world transistors have current gains of 
no more than about 1000, and a gain of 2500 
indicates that the test component has gone 
closed circuit. A faulty device in this state 
will provide a “CLOSED” reading with or 
without the base terminal connected. 

The routine for testing pnp transistors is 
essentially the same as the one for checking 
npn devices. The only difference is that a 
masking value or 32 rather than 16 is used 
when testing the state of the handshake input 
line, so that the Paper Out line at bit 5 of the 
handshake input register is monitored. 


Listing 1 


Private Sub Command1_Click() 


For loopcount = 1 To 255 

Out &H378, loopcount 
Currentgain = 2500 \ loopcount 
Label1.Caption = Currentgain 
If Currentgain = 9 Then 
Label1.Caption = “OPEN” 

If Currentgain = 2500 Then 
Label1.Caption = “CLOSED” 

If (Inp(&H379) And 16) = 16 Then 
loopcount = 255 

Next loopcount 


End Sub 
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TRANSISTOR TESTER 
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Fig.3. The sample transistor tester pro- 
gram in action. Operating a button 
takes a reading for the appropriate 
type (npn or pnp) of transistor. 


Mods 

A common display is used for npn and 
pnp devices, but it would obviously be a 
simple matter to add another label compo- 
nent and use that for pnp readings. With 
separate displays it would be possible to 
use the two loops with a timer component 
so that readings were updated (say) 20 or 
30 times per second. The system functions 
properly with npn and pnp devices con- 
nected simultaneously, so it would then 
effectively provide separate npn and pnp 
testers. 

It is possible to alter the collector current 
at which measurements are made, and it is 
just a matter of altering the values of 
resistors R2, R3, R6, and R7. Resistors R2 
and R6 must have the same value, which 
has to be ten times higher than the value 
used for R3 and R7. The correct value for 
R3 and R7 is equal to 2:5 divided by the 
required test current (in amps). The circuit 
is unlikely to work well using test currents 
of more than about 30 milliamps, or much 
less than about one milliamp. 

This system of gain measurement gives 
better resolution at low gains than at the 
other end of the range. This was deemed 
acceptable as it was primarily designed for 
checking low gain devices that tend to be 
problematic when tested using simple 
transistor testers. 

Making R2 and R6 20 times higher in 
value than R3 and R7 would accommodate 
gains down to 20, and would give better 
resolution at high gains. Of course, the 
mathematics in the software would have to 
be adjusted to suit this change. The current 
gain would be equal to 5000 divided by the 
final value fed to the digital-to-analogue 
converter. 


SQUIRES MODEL & CRAFT TOOLS 


100 London Road, Bognor Regis, 
West Sussex, PO21 1DD. 
Tel 01243 842424, Fax 01243 842525. 
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The Squires 2006 Mail Order Catalogue has just 
been published. It features over 10,000 tools, 
materials and components all available by POST 
FREE mail order. If you would like to receive a 
copy of our catalogue, please contact us 
at the above address. 


Our Shop is open 9.00 - 5.30 Monday to Saturday. 
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Logic Probe testing 
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branch of electronics. The CD-ROM includes a host of virtual laboratories, 
animations, diagrams, photographs and text as well as a SPICE electronic circuit 
simulator with over 50 pre-designed circuits. 

Sections on the CD-ROM include: Fundamentals — Analogue Signals (5 
sections), Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps 
— 17 sections covering everything from Symbols and Signal Connections to 
Differentiators. Amplifiers — Single Stage Amplifiers (8 sections), Multi-stage 
Amplifiers (3 sections). Filters — Passive Filters (10 sections), Phase Shifting 
Networks (4 sections), Active Filters (6 sections). Oscillators — 6 sections from 
Positive Feedback to Crystal Oscillators. Systems — 12 sections from Audio 
Pre-Amplifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos. 


DIGITAL ELECTRONICS V2.0 


ans! Le  | 


Filter synthesis 


Digital Electronics builds on the knowledge of logic gates covered in Electronic 
Circuits & Components (opposite), and takes users through the subject of digital 
electronics up to the operation and architecture of microprocessors. The virtual 
laboratories allow users to operate many circuits on screen. 

Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, 
monostable action and circuits, and bistables — including JK and D-type flip-flops. 
Multiple gate circuits, equivalent logic functions and specialised logic functions. 
Introduces sequential logic including clocks and clock circuitry, counters, binary 
coded decimal and shift registers. A/D and D/A converters, traffic light controllers, 
memories and microprocessors — architecture, bus systems and their arithmetic logic 
units. Sections on Boolean Logic and Venndiagrams, displays and chip types have 
been expanded in Version 2 and new sections include shift registers, digital fault 
finding, programmable logic controllers, and microcontrollers and microprocessors. 
The Institutional versions now also include several types of assessment for 
supervisors, including worksheets, multiple choice tests, fault finding exercises and 
examination questions. 


ANALOGUE FILTERS 


Analogue Filters is a complete course in designing active and passive filters that 
makes use of highly interactive virtual laboratories and simulations to explain 
how filters are designed. It is split into five chapters: Revision which provides 
underpinning knowledge required for those who need to design filters. Filter 
Basics which is a course in terminology and filter characterization, important 
classes of filter, filter order, filter impedance and impedance matching, and effects 
of different filter types. Advanced Theory which covers the use of filter tables, 
mathematics behind filter design, and an explanation of the design of active 
filters. Passive Filter Design which includes an expert system and filter 
synthesis tool for the design of low-pass, high-pass, band-pass, and band-stop 
Bessel, Butterworth and Chebyshev ladder filters. Active Filter Design which 
includes an expert system and filter synthesis tool for the design of low-pass, 
high-pass, band-pass, and band-stop Bessel, Butterworth and Chebyshev 


ELECTRONICS 
CAD PACK 


PCB Layout 


Electronics CADPACK allows users to 
design complex circuit schematics, to view 
circuit animations using a unique SPICE- 
based simulation tool, and to design 
printed circuit boards. CADPACK is made 
up of three separate software modules. 
(These are restricted versions of the full 
Labcenter software.) ISIS Lite which 
provides full schematic drawing features 
including full control of drawing 
appearance, automatic wire routing, and 
over 6,000 parts. PROSPICE Lite 
(integrated into ISIS Lite) which uses 
unique animation to show the operation of 
any circuit with mouse-operated switches, 
pots. etc. The animation is compiled using 
a full mixed mode SPICE simulator. ARES 
Lite PCB layout software allows 
professional quality PCBs to be designed 
and includes advanced features such as 
16-layer boards, SMT components, and 
an autorouter operating on user generated 
Net Lists. 


ROBOTICS & 
MECHATRONICS 


Case study of the Milford 
Instruments Spider 


Robotics and Mechatronics is designed to 
enable hobbyists/students with little 
previous experience of electronics to 
design and build electromechanical 
systems. The CD-ROM deals with all 
aspects of robotics from the control 
systems used, the transducers available, 
motors/actuators and the circuits to drive 
them. Case study material (including the 
NASA Mars Rover, the Milford Spider and 
the Furby) is used to show how practical 
robotic systems are designed. The result 
is a highly stimulating resource that will 
make learning, and building robotics and 
mechatronic systems easier. The 
Institutional versions have additional 
worksheets and multiple choice questions. 
@ Interactive Virtual Laboratories 
®@ Little previous knowledge required 
® Mathematics is kept to a minimum and 
all calculations are explained 
® Clear circuit simulations 


PRICES 


Prices for each of the CD-ROMs above are: 


(Order form on third page) 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 
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Hobbyist/Student ..........0c:csncesseeneseserseersnnenses £45 inc VAT 
Institutional (Schools/HE/FE/Industry)...........++. £99 plus VAT 
Institutional 10 user (Network Licence) . -£249 plus VAT 
Site LICONCE..........eecceeceeeeensseeeeeeneeeeeeeeeneeeeseeeeeees £499 plus VAT 


717 


TEACH-IN 2000 - LEARN ELECTRONICS WITH EPE 


EPE’s own Teach-In CD-ROM, contains 
the full 12-part Teach-in series by John 
Becker in PDF form plus the Teach-Iin 
interactive software (Win 95, 98, ME and 
above) covering all aspects of the series. 
We have also added Alan Winstanley’s 
highly acclaimed Basic Soldering Guide 
which is fully illustrated and which also 
includes Desoldering. The Teach-In 
series covers: Colour Codes and 
Resistors, Capacitors, Potentiometers, 
Sensor Resistors, Ohm’s Law, Diodes 
and L.E.D.s, Waveforms, Frequency and 
Time, Logic Gates, Binary and Hex Logic, 
Op.amps, Comparators, Mixers, Audio 
and Sensor Amplifiers, Transistors, 
Transformers and Rectifiers, Voltage 1, Sei - 
Regulation, Integration, Differentiation, 7-segment Displays, L.C.D.s, Digital-to-Analogue. | gesusacgetdime abe 
Each part has an associated practical section and the series includes a simple PC GSE Nie Cbap BMeics 
interface (Win 95, 98, ME ONLY) so you can use your PC as a basic oscilloscope with : 
the various circuits. 

A hands-on approach to electronics with numerous breadboard circuits to try out. 


£12.45 including VAT and postage. Requires Adobe Acrobat (available free from 
the Internet - www.adobe.com/acrobat). 

FREE WITH EACH TEACH-IN CD-ROM - Electronics Hobbyist Compendium 80-page 
book by Robert Penfold. Covers Tools For The Job; Component Testing; Oscilloscope 
Basics. 


FREE BOOK 
WITH TEACH-IN 
2000 CD-ROM 


Electronics: 
EsHOBHyiEL— 
CHMmpendiim 


Sine wave relationship values 


toot AAS DIM ETI g 


ELECTRONICS IN CONTROL 
Two colourful animated courses for students on one CD-ROM. These cover Key Stage 3 and GCSE syllabuses. Key 
Stage 3: A pictorial look at the Electronics section featuring animations and video clips. Provides an ideal introduction 
or revision guide, including multi-choice questions with feedback. GCSE: Aimed at the Electronics in many Design & 
Technology courses, it covers many sections of GCSE Electronics. Provides an ideal revision guide with Homework 
Questions on each chapter. Worked answers with an access code are provided on a special website. 
Single User £29 inc. VAT. Multiple User £39 plus VAT 
Student copies (available only with a multiple user copy) £6 plus VAT 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 


MODULAR CIRCUIT DESIGN 


Contains a range of tried and tested analogue and digital circuit modules, together with the 

knowledge to use and interface them. Thus allowing anyone with a basic understanding of circuit symbols to 

design and build their own projects. Version 3 includes data and circuit modules for a range of popular PICs; includes 
PICAXE circuits, the system which enables a PIC to be programmed without a programmer, and without removing it 
from the circuit. Shows where to obtain free software downloads to enable BASIC programming. 

Essential information for anyone undertaking GCSE or “A” level electronics or technology and for hobbyists who want 
to get to grips with project design. Over seventy different Input, Processor and Output modules are illustrated and fully 
described, together with detailed information on construction, fault finding and components, including circuit symbols, 
pinouts, power supplies, decoupling etc. 


Single User £19.95 inc. VAT. Multiple User £34 p/us VAT 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 


DIGITAL WORKS 3.0 


Counter 
project 


Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability @ Software 
for simulating digital logic circuits @Create 
your own macros — highly scalable @Create 
your own circuits, components, and i.c.s 
@Easy-to-use digital interface @Animation 
brings circuits to life @Vast library of logic 
macros and 74 series i.c.s with data sheets 
®@Powerful tool for designing and learning. 
Hobbyist/Student £45 inc. VAT. 
Institutional £99 plus VAT. 

Institutional 10 user £249 plus VAT. 

Site Licence £599 plus VAT. 


ELECTRONIC 
COMPONENTS PHOTOS 


A high quality selection of over 200 JPG 
images of electronic 


components. This 

selection of high Es 
resolution photos can be 

used to enhance 

prefect and sey 2 
este as to help 
with training an “rer 
educational meatal: abel - 

They are royalty free for 
use in commercial or 
personal printed projects, and can also be 
used royalty free in books, catalogues, 
magazine articles as well as worldwide web 
pages (subject to restrictions — see licence for 
full details). 

Also contains a FREE 30-day evaluation of 
Paint Shop Pro 6 — Paint Shop Pro image 
editing tips and on-line help included! 


Price £19.95 inc. vaT 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME/XP, mouse, sound card, web browser. 


pee eee eee ee eee ee 

| Please sendme: CD-ROM ORDER FORM 

a | Electronic Projects 

1 L] Electronic Circuits & Components V2.0 

! [] Analogue Electronics Version required: 

! [] Digital Electronics V2.0 CL] Hobbyist/Student 

1 (] Filters L] Institutional 

: LJ Electronics CAD Pack L] Institutional/Professional 10 user 

1 L] Robotics & Mechatronics L] Site licence 

| L] Assembly for PICmicro V2 

1 L] ‘C’ for PiCmicro V2 

! [| Flowcode V2 for PiICmicro 

1 L] Digital Works 3.0 

1 

H C1 PiCmicro Development Board V2 (hardware) 

! [] Development Board UK plugtop power supply 

! LC Development Board 25-way connecting lead 

| [] Teach-In 2000 + FREE BOOK 

| LJ Electronic Components Photos 

! CO Electronics In Control — Single User 

1 CL] Electronics In Control — Multiple User Note: The software on each version is 

! (] Modular Circuit Design — Single User the same, only the licence for use varies. 

; C1 Modular Circuit Design — Multiple User 

LFullstiaMe? “acca Six ade phiGhiedtade vee aeed a ad eed whee nea eteends ak deena eeeees 

PAUGMOSS sachs tas coherent gd tate, bb ete etaephe ite catered deta. ued Decca, tated Ea irate atistoe And land Sind 

I heSiceseis Wok niceseattentueos bogs os Post code:...........0.0005 Tel.NO: 2... cece cece ee eee 
SII ACUI 2 sees aes ae, tye chen maxis Ge etd re ayant Spee RAS Gh edt atc capi de Sete alee gta aia, Soe a ehae anes ee 2 


1 
i] 

1 

! [J l enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £ 

! [] Please charge my Visa/Mastercard/Amex/Diners Club/Switch: £ 

T WAM EPO. isce iew dhicmanenigs clad ater wach a Card expiry date: 2.6.2... 0... eee eee 
i] 

1 

1 


GaPCUINO Se Be Face sans tee ates ate he eran, an Reharta nn dy at tana leahe aaa oded t ctaneete anaes Switch Issue No. 
Card Security Code.......... (The last 3 digits on or just under the signature strip) 
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ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard Version 
price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for 
airmail postage per order 
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Constructional Project 


Back to Basics — CMOS 


Logic Devices 


Bart Trepak 


Part 7 — Parking Radar and Telephone Switch 


Illustrates how useful circuits can be designed simply 
using CMOS logic devices as the active components 


MONG the many gimmicks fitted 
A: modern top-of-the-range cars, a 
parking radar would rank as one of 
the more useful. Presented now is a little 
unit that is both inexpensive and easily fit- 
ted to any car (even an “old banger’) and 
should help to prevent expensive mishaps! 
The unit uses ultrasonics to determine 
the distance to an obstruction, the pres- 
ence of which is indicated initially by an 
l.e.d. As the distance is reduced, a sounder 
emits a tone that rises in pitch to give a 
rough indication of the distance before 
impact! 

As well as its intended use, this unit 
could also be suitable for a blind or par- 
tially sighted person to indicate the pres- 
ence of obstacles in their path. 


Basic Operation 

All radars operate on more or less the 
same principle — a signal is transmitted 
which bounces back from the target to a 
receiver, which measures the time taken 
for the echo to return. 

For long distance radar, radio frequency 
signals are used, but for short range appli- 
cations (up to a few tens of metres) ultra- 
sonics offer a simpler method. Despite the 
frequency being beyond the range of 
human hearing, the speed of the sound is 
still roughly 300m/sec, or 1m every 3ms. 

This sort of time is easily resolved using 
ordinary components. Ultrasonic beams 
are also moderately directional (typically 
having a beam width of about 30°) so that 


only the object roughly in front of the 
transmitter should be detected. 

The Parking Radar block diagram is 
shown in Fig.7.1. The master oscillator 
controls a 40kHz oscillator which drives 
an ultrasonic transmitter producing an 
ultrasonic beam directed at the target. The 
beam is reflected back, picked up by the 
ultrasonic receiver whose output signal is 
amplified. The resulting signal is used to 
set a bistable which has been previously 
reset at the start of the transmission. 

The result is a pulsed output from the 
bistable. The duration of the pulses 
depends on the time between the trans- 
mission and its reception. Fig.7.2 illus- 
trates the waveforms at various points in 
the circuit when the distance is large, 


medium and small. At very large dis- 
tances (not shown) the reflected signal is 
too small to set the bistable and so the 
output remains low, while at decreasing 
distances, the output spends more and 
more time in the logic high state. 

This p.w.m. (pulse width modulated) 
waveform is fed to a simple integrator 
which produces a d.c. voltage proportion- 
al to the distance from the target. This 
could be read on a suitably calibrated 
meter but here it is used to control a volt- 
age controlled oscillator (VCO) which 
produces an audio tone increasing in pitch 
as the distance to the target is reduced. 

The range obtainable from such a system 
is limited by four factors: the power 
transmitted; the gain of the echo amplifier; 
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Fig.7.2. Waveforms at various points in the circuit when the “object” distance is 


large, medium and small 
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Fig.7.1. Block schematic diagram for the Parking Radar. The Ultrasonic Transmitter and Receiver transducers are labelled TX1 


and RX1 respectively 
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target reflection efficiency; the direction in which the echo is reflect- 
ed. This will obviously be different for large flat surfaces perpendicu- 
lar to the beam than for irregular or angled surfaces which will tend to 
absorb or disperse the signal rather than reflect it towards the receiv- 
er. 

Sophisticated ranging systems include a variable gain amplifier to 
amplify weak received signals more than strong ones to provide a con- 
stant amplitude return signal to get around these problems. Fortunately 
in this application, where a miss is as good as a mile, we are only inter- 
ested in short ranges (normally less than one 
metre) which make such measures largely 
unnecessary, even with poorly reflecting 
surfaces. 


Circuit Diagram 

The complete circuit diagram for the Parking Radar is shown in 
Fig.7.3. 

The master oscillator formed around Schmitt NAND gate ICla 
produces short positive-going pulses of about 0.4ms duration 
every 4ms, as defined by components Cl, R1, R2 and D1. When 
ICla output pin 10 goes high, the oscillator built around IC1b is 
enabled and oscillates at a frequency of 40kHz, adjustable by pre- 
set VR1. IClc inverts the output of IC1b, and transducer TX1 is 
driven in anti-phase by both gates for maximum power output. 

When the output of ICla goes low, it switches off the transmis- 
sion. It also generates a pulse across capacitor C7, which triggers 
the bistable formed around IC2a and IC2b. 

The echo signal reflected from the target is picked up by transducer 
RX1 and amplified by the circuit around transistors TR1 and TR2. The 
reset input of the bistable is held just above the logic threshold of the 
gate by the potential divider formed by resistors R8 and R9. Transistor 
TR2’s collector (c) is coupled to this input via capacitor C8. The out- 
put of IC2a (and thus IC2c) is therefore a rectangular waveform which 
goes low when the transmitted signal ends and high when it is 
received after being reflected. 

The distance range at which the amplified echo signal is large enough 
to reset the bistable is about one metre with the components shown, 
although this can be varied somewhat by altering the value of R9. At this 
range |.e.d. D2, which is controlled by the output from IClc, begins to 
turn on giving an indication of the presence of an obstacle. 

The output from IC2c also feeds into the integrator formed around 
R12 and C9. The voltage across C9 rises according to the time for 
which the output of IC2c is high. It increases as the range decreases. 

A simple voltage controlled oscillator (VCO) is formed by IC1d 
and its associated components. As the voltage across C9 rises, 
transistor TR3 is turned on harder and passes a greater current, 
causing capacitor C10 to charge faster. When the voltage at the 
input of IC1d falls below the lower logic threshold, the output goes 
high, discharging C10 via D3 and R16. 

Although the discharge time remains constant, the charge time 
falls and consequently the oscillation frequency rises with 
increased current flowing into the base (b) of TR3. This is repro- 
duced by the piezo buzzer WD1 as a tone with a rising pitch. The 
frequency varies from low frequency clicks at a range of around 
lm, to about 300Hz when the range has fallen to 5cm. Resistor 
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Fig.7.3. Full circuit diagram for the Parking Radar 
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R15 is included to suppress oscillation due 
to leakage when TR3 is off. 


Construction 

Printed circuit board component and 
track layout details are shown in Fig.7.4. 
This board is available from the EPE PCB 
Service, code 533. 

The board should be assembled in order 
of ascending component size. Normal pre- 
cautions should be observed regarding com- 
ponent orientation for diodes, transistors etc. 
and when handling the CMOS i.c.s. Use 
sockets for i.c.s, but do not insert the i.c.s. 
until the board has been fully checked. 

Pads for the battery connector are pro- 
vided although some form of d.c. plug and 
socket may be more appropriate in this 
application. Care should be taken to 
ensure the correct polarity of the supply. 

Transducers TX1 and RX1 are not inter- 
changeable in this application. Their func- 
tion should be marked on their case. The pin 
connected to the case is the OV terminal. The 
transducers should be mounted on the p.c.b. 
pads provided, not on extension leads. 
Although the prototype used ordinary trans- 
ducers, waterproof ones are preferable. 

The only setting up required is the 


COMPONENTS 


PARKING RADAR 


Resistors 


R1 

R2 

R3 

R4,R10 

R5 

R6 

R7,R11 

All 0-25W 5% carbon film 
Potentiometer 

VR1 
Capacitors 

C1,C4,C6 

C2,C7,C8 

C3,C11 

C5 


cg 
C10 


Semiconductors 


8k2k 
120k 
390k 

1M (2 off) 
3k9 

22k 

1k (2 off) 


R8 

RQ 

R12 
R13 
R14 
R15 
R16 


470k skeleton preset 


100p disc ceramic 
2u2 radial elect. 16V 


1N4148 signal diode (2 off) 


5mm red l.e.d. 
TR1 to TR3 
IC1 
IC2 
Miscellaneous 
TX1 
RX1 


WD1 piezo sounder 


Printed circuit board, available from the EPE PCB 
Service, code 533; 14-pin d.i.l. socket (2 off); cases to 
suit; 9V battery and clip (see text); connecting wire; 


solder etc. 


Approx. Cost 
Guidance Only 


100n polyester or ceramic (3 off) 
220p disc ceramic (3 off) 
100u radial elect. 16V (2 off) 


2N3904 npn transistor 
4093 quad Schmitt NAND gate 
4011 quad NAND gate 


40kHz ultrasonic transmitter (see text) 
40kHz ultrasonic receiver (see text) 


adjustment of VR1 to obtain a 40kHz sig- 
nal across TX1. This is best done using an 
oscilloscope but in the absence of one, the 
voltage across RX1 or at TR2 collector (c) 
can be monitored and VRI1 adjusted for 
maximum echo signal strength. 

The circuit is fairly uncritical in compo- 
nent values but the values of R8 or R9 may 
need to be altered to ensure that the quies- 
cent voltage (when no signal is present) at 
their junction is above the logic high thresh- 
old of IC2a. Typically, this means greater 
than about SV with a 9V supply. 


Enclosures 

The p.c.b. should be housed in a suitable 
enclosure mounted somewhere on the back 
of the car. The type will depend on individ- 
ual circumstances. It needs to protect the 
components from moisture and dampness. 
Added protection can be given by coating 
the p.c.b. with a “conformal” spray. 

The l.e.d. and buzzer are mounted in a 
separate case connected back to the p.c.b. If 
preferred, the buzzer may be connected to 
the OV line rather than to +9V, which will 
enable a 3-core cable to be used for the over- 
all assembly interconnections. 

Since the unit has a minimum range indi- 
cation of about 
S5cms, note that the 
warning tone will 
not increase in fre- 
quency once this 
distance is reached. 
The circuit there- 
fore does not give 


distance down to zero as this will normally 
be indicated by a crunching sound! 

The maximum range is around one metre 
(depending on the target). This unit is not 
suited to modifying for greater distance 
detection. 

The circuit should be powered by a 9V 
battery, although operation at 12V is also 
possible. The total current drawn at 9V is 
around 1.5mA, rising to some !0mA when 
sounding, so that an on/off switch is rec- 
ommended. This can be a panel mounted 
type which can be switched on manually or 
by a relay activated by the reversing light 
when the reverse gear is selected if auto- 
matic switching is preferred. For the other 
applications mentioned, different arrange- 
ments for this will no doubt need to be 


devised. 
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Fig.7.4. Printed circuit board component layout, full under- 
side copper foil master and off-board wiring for the Parking 
Radar module 
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Telephone Switch 


Te simple Telephone Switch will 
enable you to remotely switch an 
appliance on or off simply by phon- 
ing home a specific number of times free of 


charge from anywhere in the world. Now 
how’s that for remote control? 


Basic Operation 

The block diagram of Fig.7.5 shows 
that the basic operation is based on a 
counter and a timing unit built around a 
monostable which together control a 
bistable. The telephone rings are detected 
by an input circuit which provides an out- 
put pulse, the duration of which is deter- 
mined by the length of the ringing signal. 

A single pulse is generated each time, 
no matter how long the phone rings. The 
first ring resets the counter and also sets 
the monostable which has an adjustable 
period of between about 90 and 180 sec- 
onds. 

The number of calls which occur 
before the monostable times out are 
counted and if this coincides with a pre- 
set number chosen, a bistable is either set 
or cleared. The bistable controls a tran- 
sistor which drives a relay enabling any 
appliance from a lamp to a heating sys- 
tem to be switched on or off as required. 
The number of calls to switch the output 
on and off has been chosen to be five and 
three respectively, although this can be 
changed if required. 

The circuit obviously cannot discrimi- 
nate between a routine call to your num- 
ber or your own call, but since it is most 
unlikely that anyone will call your num- 
ber three times in the space of one and a 
half minutes, the system has a high 
immunity to false switching. Anyone try- 
ing to contact you would no doubt hang 
on for some time to allow the phone to be 
answered. They would thus be unable to 
make the required number of calls before 
the monostable timed out, even if they 
tried again a short time later. 


Ringing-In 

A problem could arise, however, if 
someone just happens to ring while you 
were in the middle of making your 
sequence of calls, in which case the 
appliance could end up being switched on 
when you wanted it switched off. This is 
not very likely as the caller would have to 
make his/her call immediately after your 
last one but before the monostable had 
timed out. In order to ensure that even 
this cannot happen, the difference in the 
number of calls required to switch the 
output on or off is made equal to two. 

In this scenario, an engaged tone will 
probably be heard which should alert you 
to the possibility that the system may 
have gone wrong. Since this simple cir- 
cuit cannot indicate the state of its output 
to you, it would be quite easy to lose 
track of whether the output was on or off. 
A Set/Reset bistable has therefore been 
used in preference to a toggle type so that 
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Fig.7.5. Block diagram for the Telephone Switch 


a different number of calls is required to 
switch the relay on from that required to 
switch it off. 

It is therefore an easy matter to repeat 
the required sequence some time later if 
you are not sure that the unit responded 
correctly to the earlier sequence, in the 
full knowledge that you will not inadver- 
tently switch the unit on when you want- 
ed it off, or vice-versa. 

Note that the circuit does not count the 
individual rings themselves, which nor- 
mally (in the UK) occur as pairs with an 
equal period of silence between them. 


COMPONENTS 


TELEPHONE SWITCH 


Resistors 


R1 680k 
R2, R5, R6 1k (3 off) 
R3 10k 

R4 470k 

R7 1M5 (see text) 
R8 100k (see text) 
All 0.25W 5% carbon film 


Potentiometer 


VR1 1M skeleton pre- 
set 


See 
SHOP 
TALK 


Capacitors 


C1 10u radial elect. 
16V 

C2 10n disc ceramic 

C3, C4 100u radial elect. 
16V (2 off) 

Semiconductors 
D1 5mm red l.e.d. 
D2 5mm green l.e.d. 


D3 1N4148 signal 
diode 
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This pattern is generated by the local 
exchange and may be different to the pat- 
tern which the caller hears in his phone. 

This means that the home number 
must be re-dialled the number of times 
required to switch the unit on or off. 
The phone should be allowed to ring at 
least three times before hanging up to 
ensure that the signal has got through. 
More rings can be allowed if required 
but as the monostable starts timing from 
the beginning of the first ring, time must 
be allowed to make the required number 
of calls. 


BP103 phototran- 
sistor or 2N3904 
npn transistor 
(see text) 

TR2 2N3904 npn tran- 
sistor 

TR3 2N3904 npn tran- 
sistor (see text) 

IC1 4093 quad Schmitt 
NAND gate 

IC2 4017 decade 
counter 

IC3 4011 quad NAND 
gate 


Miscellaneous 


MIC1 3V-30V piezo 
sounder (see text) 


RLA relay (see text) 


Printed circuit board, available 
from the EPE PCB Service, code 
534; 14-pin d.i.|. socket (2 off); 16-pin 
d.i.l. socket; case to suit; 9V mains 
adaptor (see text); connecting wire; 
solder etc. 


Approx. Cost 
Guidance Only 


£15 


excl case and power supply 
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Fig.7.6. Complete circuit diagram for the Telephone Switch. No direct connection to the phone line is required. Two options of 
phone interfacing can be made, one optical, the other audio 
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Fig.7.7. Alternative audio input circuit 


Circuit Diagram 

The complete circuit diagram for the 
Telephone Switch is shown in Fig.7.6. The 
circuit has been designed so that no direct 
connection to the phone line is required. 
Two choices of interface can be made, one 
optical, the other audio. 

The optical interface can be via a com- 
mercial plug-in extension ringer unit. As 
well as an audio output, these normally 
have an l.e.d. which flashes in time with 
each ring. In Fig.7.5, a phototransistor, 
TRI, detects the flashing l.e.d. and its out- 
put is fed to the inputs of Schmitt NAND 
gate ICla. 

If an extension ringer is not available, 
the audio input circuit of Fig.7.7 may be 
used instead. The phone rings, detected 
by microphone MIC1, are amplified by 
transistor TR3 and fed to an npn _tran- 
sistor used as TRI in place of the photo- 
transistor. 

Whichever method is used, when the 
telephone rings, TR1 will switch on caus- 
ing capacitor Cl to charge and the inputs 
of ICla to go high. This gate is connected 
as an inverter so that its output will go low, 
triggering the monostable built around 
IC1b and IClc. 
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Completed Telephone Switch incorporating the audio input circuit 


The values of resistor R1 and capacitor 
Cl are chosen so that the circuit will not 
respond to the ending of individual rings, 
and so the output of ICla will therefore 
remain low throughout the overall time 
that the telephone rings. 

The output from ICla also feeds to 
ICld, which drives l.e.d. D1 via buffer 
resistor R2. The l.e.d. indicates when the 
circuit responds to a call and it should 
remain on (and not flash) until the call is 
terminated. 

When the monostable is triggered, the 
output of IC1b goes high (indicated by 
l.e.d. D2). This causes counter IC2 to be 
reset via C2, and the output of IClc to go 
low, triggered via C3. With IClc output 
low, gates IC3a and IC3b are disabled, 
preventing the output bistable formed by 
gates IC3c and IC3d, from changing 
state. 


Time Out 


Each time the call is terminated the out- 
put of ICla will go high, switching off 
lead. DI and causing the counter to 
advance but not affect the monostable, 
which remains in its triggered state with 
l.e.d. D2 turned on. 


Eventually, when the monostable times 
out after a period determined by the value 
of C3 and R4/VR1, the output of IC1ce will 
go high, enabling gates IC3a and IC3b. If 
three or five calls have been received by 
this time, then counter outputs Q3 or Q5 
will be high, causing the output of either 
gate IC3b or IC3a to go low. 

If gate IC3a goes low, the bistable will 
be set with the output of IC3c going high. 
This switches on TR2 via R6 and turns on 
relay RLA, switching on the supply to the 
load to be controlled. 

If IC3b’s output goes low, however, the 
bistable will be cleared and the output of 
IC3c will go low, switching off TR2 and 
the relay. Diode D3 inhibits back-e.m.f. 
generation when the relay switches off. 

If any other number of calls, except three 
or five, are received by the time that the 
monostable times out, counter outputs Q3 
and Q5 will be low and the outputs of IC3b 
and IC3c will remain in their previous 
state, as will the relay. The circuit stays in 
this state until another call is received, 
which will again reset the counter and the 
operation will begin again. The output cir- 
cuit will, however, only respond to three or 
five rings. 
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Fig.7.8. Printed circuit board component layout, full-size copper foil master and off- 
board wiring details for the “audio” version of the Telephone Switch 


Power Supply 

The unit can operate from a range of 
d.c. supply voltages, but 9V is suggested. 
It draws virtually no current (especially if 
the phototransistor input version is built) 
when no calls are being received. Current 
consumption will rise slightly when a call 
is received due mainly to the Le.d.s, but 
will rise dramatically when the relay is 
energised. 

A 9V battery supply can be used when 
testing the circuit, but for serious use a 9V 
d.c. mains adaptor is recommended, espe- 
cially if the relay is to be left energised for 
long periods. A low voltage mains adapter 
of the type used for powering small appli- 
ances such as radios and calculators would 
be ideal. Do not exceed a supply of 15V 
d.c. 


Construction 

Printed circuit board component and 
track layout details are shown in Fig.7.8. 
This board is available from the EPE PCB 
Service, code 534 . 

The p.c.b. will accommodate either ver- 
sion of the input circuit. If the phototran- 
sistor version is built, the microphone, 
TR3 and resistors R7 and R8 should be 
left out and the phototransistor fitted in 
place of TR1. 

The phototransistor specified is housed 
in an l.e.d.-type package with only the col- 
lector and emitter terminals connected. 
There is no base lead and so the centre pad 
(b) on the p.c.b. for TRI should be left 
unconnected. Note that the collector (c) 
terminal is adjacent to the flat area on the 
rim of the package so that this lead should 
go to the pad connected to the positive 
battery supply. 

It will probably be necessary to mount 
the phototransistor on flying leads and 
these should be kept as short as possible. 
One possible method of coupling the pho- 
totransistor to the l.e.d. on the extension 
ringer is to use a clear epoxy resin to 
ensure a good light path between the two 
components. Once this has set, it should 


be painted black or covered with an 
opaque material to ensure that ambient 
light does not upset the operation of the 
circuit. 


Flying Leads 

The board should be assembled and 
checked as stated previously. Note that the 
relay and microphone (if used) should be 
connected to the allocated pads by means 
of flying leads. The microphone is a piezo 
type more often encountered in designs as 
a sounder (it can work in either mode). 
Although the type used in the prototype 
had red and black leads, it may be con- 
nected either way around. 

If possible, these leads should not be 
extended as this could make the circuit 
sensitive to stray electrical fields. The 
microphone should be placed close to a 
telephone or glued to an extension ringer 
to ensure that the circuit responds. In 
noisy environments it is possible that the 
circuit could be triggered by other random 
sounds and care should be taken to ensure 
that this cannot happen by shielding the 
microphone. If these efforts prove unsuc- 
cessful, the phototransistor option should 
be used. 


Relay 

The relay should be chosen to suit the 
supply voltage, although in practice most 
relays will operate from a range of volt- 
ages. Most 12V relays for example will 
operate quite satisfactorily from a supply 
of 9V to 15V. A higher voltage rating is to 
be preferred as these will generally have a 
higher coil resistance and therefore draw a 
lower current when operating. 

The relay contacts must be rated for the 
appliance to be switched. Do not connect 
the relay to an a.c. mains powered appli- 
ance unless you are suitably qualified or 
supervised. 

Depending on the application, it may 
be desirable to mount the circuit in a 
box. The choice of case is yours. In may 
then be more convenient to mount the 
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l.e.d.s on the panel, in which case the 
leads may simply be extended as 
required (although in use they are not 
really required as, hopefully, there will 
not be anyone at home to observe them!). 
Holes will also be required for the 
microphone or photo transistor as well as 
sockets for a d.c. supply. 


Testing 

The circuit may be tested and set up by 
connecting a 9V battery and a temporary 
l.e.d. (in series with a suitable ballast 
resistor of say 1k) across the relay coil ter- 
minals. When the microphone is tapped 
(or the phototransistor illuminated), both 
l.e.d.s D1 and D2 should light. D1 should 
switch off shortly afterwards while D2 
should remain on. 

The circuit should be activated a num- 
ber of times by tapping the microphone or 
switching on the phototransistor, making 
sure each time that D1 switches off again. 
If five such “inputs” are made within the 
time D2 is on, the temporary l.e.d. should 
light (or the relay switch on) when D2 
switches off. Repeating the procedure 
with only three “inputs” should cause the 
output to switch off, while any other num- 
ber of “inputs” made within the time that 
D2 is on should be ignored by the circuit. 

Once this has been done, it would be 
best to “phone a friend” or at least get him 
to phone you. When your phone rings, 
make sure that l.e.d. D1 only lights once 
and remains on for the duration of the 
ringing call. If it follows the individual 
rings by switching off each time, the value 
of R1 or Cl should be increased. 

Do not make the values of R1 or Cl 
much larger than necessary to achieve this 
because the l.e.d. may then remain on for 
too long after the call has terminated and 
the circuit could fail to recognise the next 
call. The components specified should not 
need to be altered in the majority of cases. 

It then only remains to set preset VRI 
for a monostable time (D2 on) sufficiently 
long to enable five separate calls to be 
made to the number . This will obviously 
depend on how many digits must be 
dialled and if a re-dial facility is used, but 
the time should be made as short as possi- 
ble to minimise the possibility of false 
switching. 

Remember that extra digits such as area 
codes may need to be dialled, especially if 
the device is to be used from abroad. Of 
course, this unit has been designed to 
switch the output on after five calls and off 
after three but this could be easily changed 
by utilising the other outputs of the 4017 
counter. 


Next Month: Weather Vane Repeater 
and a Noughts & Crosses Emigma (see 
below). 
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Regular Clinic 
Circuit 
Surgery 


lan Bell 


Following on from last month, our “consultant surgeon” looks into some chopper 
Op.amp i.c.s and offers some circuit advice on how to use them 


AST month, in response to one of the 

threads on the EPE Chat Zone, we 
looked at the theory of chopper stabilised 
amplifiers (also known as auto-zeroing 
amplifiers). These circuits have very low 
drift and are therefore suitable for use with 
very low frequency signals, where slow 
changes in the amplifier’s offsets with time 
due to factors such as temperature and 
power supply fluctuations cannot be easily 
blocked or filtered out. 

We discussed how these circuits 
achieved high precision by continuously 
nulling their own offsets. This month we 
will look at a couple of real chopper ampli- 
fier chips, with which you might like to 
experiment. 


For the Chop 

The TLC2654 is a high-precision chop- 
per-stabilized operational amplifier from 
Texas Instruments. It has very good d.c. 
precision, featuring an extremely low 
change in offset voltage with temperature 
of around 0-003uV/°C, and a very low off- 
set of around 1uV maximum. 

These figures are much better than can 
be achieved with ordinary operational 
amplifiers. In addition, as we explained 
last month, low-frequency noise is signif- 
icantly reduced compared with ordinary 
operational amplifiers by the chopper sta- 
bilization due to the reduction of I/f 
noise. 


The TLC2652, another chopper-amp 
from Texas Instruments, has even better 
noise performance than the TLC2654, but 
less precision. You have to choose the best 
chip for the job you want it to do. Of 
course other manufacturers make chopper 
stabilised amplifiers too, such as the 
National Semiconductor LMV2011, the 
Linear Technology LTC1050, the Analog 
Devices AD8551 and the Microchip 
TC7650. All have different combinations 
of capabilities and features. Both the 
TLC2652 and TLC2654 are available from 
Farnell in 8-pin d.i.. packages for around 
£4. They also stock the LTC1050 and one 
or two other choppers. 

The TLC2652 has a very high input 
impedance CMOS input stage and is par- 
ticularly suitable for low-level signal pro- 
cessing applications such as strain gauges, 
thermocouples, and other transducer 
amplifiers. It has a default chopping fre- 
quency of 450Hz. 

The higher chopping frequency of the 
TLC2654, compared with the TLC2652, 
accounts for the better noise perfor- 
mance and bandwidth, which covers a 
frequency spectrum from near d.c. to 
10kHz, with best performance up to 
5kHz. Like the TLC2652, it is suitable 
for wide-bandwidth low frequency and 
subsonic applications and is also appro- 
priate for use with strain gauges and 
thermocouples. 


INT/EXT 


CLK IN 


CLK OUT 


Vop+ 


OUT 


CLAMP 


C RETURN 


= BEBE 
Ji Ew EJ 


Fig.1. (a) Pinout connections for the TLC2652 and TLC 2654 8-pin version and 


(b) the pinout details for the 14-pin version 
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A Packaged Deal 

Both the TLC2652 and TLC2654 are 
available in 8-pin and 14-pin d.i.l. ver- 
sions and have the pinouts shown in Fig. 1. 
On the 8-pin version you get the dual 
power supply (Vpp, and Vpp.), differen- 
tial inputs (IN- and IN+), and output 
(OUT) that you would expect with any 
operational amplifier, plus three other less 
familiar pins: Cy, Cxg and CLAMP. 

These are for the nulling capacitors and 
clamping feature, which we will look at in 
more detail later. The 14-pin version 
includes provision for an external clock 
(INT/EXT, CLK IN, CLK OUT) and a 
special connection point for the nulling 
capacitors (C RETURN). 

A number of other chopper stabilized 
op.amps have the same or similar pin con- 
nections, for example the TC7650. The 
LTC1050 is different: it does not need 
external capacitors so pin | and pin 8 are 
no-connections and has a clock input on 
pin 5. 

The Cy, and Cyg pins are used to con- 
nect two capacitors which are required for 
operation of these amplifiers. The capaci- 
tors are used for holding the nulling trim 
voltage, as explained last month. 

However, the user does not have to 
control the chopping process in any way 
and these devices can simply be used as 
operational amplifiers. The chopping fre- 
quency is fixed by the internal oscillator 
and is invisible to the user. The 14-pin 
versions do provide the user with more 
control — the chopping can be driven 
from an external clock. 

The capacitors connected to Cy, and 
Cxg should be in the range of 0-1pF to 
1pF and located as close as possible to the 
pins. On the 8-pin versions of the chips 
the other end of each capacitor is con- 
nected to either Vpp. or Vpp, (see Fig. 2). 
On the 14-pin version there is a special C 
RETURN pin to which the capacitors can 
be connected. In applications needing a 
fast response use high-quality film capac- 
itors such as mylar, polystyrene, or 
polypropylene. In other applications, 
ceramic or other low-grade capacitor are 
satisfactory. 
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In Response 

One problem with chopper amplifiers 
that we did not discuss last month is their 
response to overload conditions, which 
occur when very large input signals push 
the output into saturation at one of the sup- 
ply rails. Under these conditions the circuit 
is no longer a linear amplifier and is there- 
fore unable to find the correct nulling volt- 
age to compensate for offsets. 

Thus, after an overload, a chopper amp 
may take some time to recover to full per- 
formance. The CLAMP pin provides a 
means by which the internal circuitry can 
detect overload conditions and hence pre- 
vent the amplifier from becoming heavily 
saturated. This in turn speeds up recovery 
once the overload condition is removed. 

If clamping is required the CLAMP pin 
is connected to the inverting input IN- (in 
parallel with the closed-loop feedback 
resistor) (see Fig.3). If connected the 
clamp is automatically activated when the 
output is approximately 1V from either 
supply rail. 

When activated the clamp reduces the 
gain of the amplifier and the output is pre- 
vented from going into saturation. Since 
the output must source or sink current 
through the clamp circuitry the maximum 
output voltage swing is slightly reduced 
when the clamp is used. 


On Guard 

In order to get the full benefit of high 
precision capabilities of chopper stabilised 
amplifiers, good circuit board layout is 
required. Problems are caused by leakage 
across the p.c.b. (printed circuit board), so 
thorough cleaning and drying after con- 
struction is important. 

Also, a useful technique is to include an 
input guard in the p.c.b. layout. A guard 
is a p.c.b. copper track in a ring surround- 
ing the input terminals, which absorbs 
leakage currents. The ring connects to a 
low impedance point ideally at the same 
common mode voltage as the inputs. The 
concept of the p.c.b. guard ring layout is 
shown in Fig.4; the actual layout for a 
given application will depend on the i.c. 
package used. 

Chopper stabilised operational ampli- 
fiers can be used in the same circuit con- 
figurations as ordinary op. amps, including 
those for inverting and non-inverting 


amplifiers. These are shown in Fig.5. 
These schematics include the guard ring 
(the circles near the inputs). Two circles 
are drawn on the schematic as both inputs 
are guarded, but only one ring in created on 
the p.c.b., as shown in Fig. 4. 

Of course, with the TLC2652 and 
TLC2654, and other choppers with 
external nulling capacitors, these are pre- 
sent whereas they may not be in a normal 
op. amp circuit. You may also use the 
clamp facility, but this is not included in 
Fig.5. If required, connect the clamp (pin 
5) to the inverting input (pin 2) as shown 
in Fig.3. 


Fig.2. Connection details for the nulling 
capacitors 


Fig.3. If clamping (overload protection) 
is required, the CLAMP pin is connect- 
ed to the inverting input IN- pin 


The gains of the circuits in Fig.5 are set 
by the values of resistors R1 and R2 in the 
usual way. The gain is R2/R1 for the 
inverting amplifier and 1+(R2/R1) for the 
non-inverting amplifier. Resistor R3 does 
not contribute to the gain setting, but is 
present to help minimise offsets. The value 
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Fig.4. Input “guard ring” on a printed 
circuit board tracking 
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Fig.5. Circuit arrangement for (a) an 
inverting amplifier and (b) a non-invert- 
ing amplifier. Note the input guard ring 
connections and nulling capacitors 


of R3 should be equal to the parallel com- 
bination of RI and R2, that is 
(R1xR2)/(R1+R2). This value ensures that 
the impedance of the external circuit 
viewed from each input is equal, to min- 
imise the difference in voltage drops due to 
input bias currents. 
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FREE Electronics Hobbyist Compendium 
book with Teach-In 2000 CD-ROM 


EPE TEACH-IN 
2000 CD-ROM 


The whole of the 12-part Teach-In 2000 series by John 
Becker (published in EPE Nov ’99 to Oct 2000) is now 
available on CD-ROM. Plus the Teach-In 2000 interactive 
software (Win 95, 98, ME and above) covering all aspects 
of the series and Alan Winstanley’s Basic Soldering 
Guide (including illustrations and Desoldering). 


Teach-In 2000 covers all the basic principles of elec- 
tronics from Ohm’s Law to Displays, including Op.Amps, 
Logic Gates etc. Each part has its own section on the inter- 
active software where you can also change component 
values in the various on-screen demonstration circuits. 


The series gives a hands-on approach to electronics 
with numerous breadboard circuits to try out, plus a sim- 
ple computer interface (Win 95, 98, ME only) which 
allows a PC to be used as a basic oscilloscope. 


ONLY £12.45) including VAT and p&p 


Robotics 


INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly sophis- 
ticated computer controlled robots using the brilliant Lego 
Mindstorms Robotic Invention System (RIS). Initially covers 
fundamental building techniques and mechanics needed to 
construct strong and efficient robots using the various “click- 
together” components supplied in the basic RIS kit. Then 
explains in simple terms how the “brain” of the robot may be 
programmed on screen using a PC and “zapped” to the robot 
over an infra-red link. Also, shows how a more sophisticated 
Windows programming language such as Visual BASIC may 
be used to control the robots. 

Details building and programming instructions provided, 
including numerous step-by-step photographs. 


288 pages — large format Welter] £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 


Covers the Vision Command System 


Shows the reader how to extend the capabilities of 
the brilliant Lego Mindstorms Robotic Invention System 
(RIS) by using Lego’s own accessories and some sim- 
ple home constructed units. You will be able to build 
robots that can provide you with ‘waiter service’ when 
you clap your hands, perform tricks, ‘see’ and avoid 
objects by using ‘bats radar’, or accurately follow a line 
marked on the floor. Learn to use additional types of 
sensors including rotation, light, temperature, sound 
and ultrasonic and also explore the possibilities provid- 
ed by using an additional (third) motor. For the less 
experienced, RCX code programs accompany most of 
the featured robots. However, the more adventurous 
reader is also shown how to write programs using 
Microsoft's VisualBASIC running with the ActiveX con- 
trol (Spirit-OCX) that is provided with the RIS kit. 

Detailed building instructions are provided for the fea- 
tured robots, including numerous step-by-step pho- 
tographs. The designs include rover vehicles, a virtual 
pet, a robot arm, an ‘intelligent’ sweet dispenser and a 
colour conscious robot that will try to grab objects of a 


specific colour. 
Order code BP902 


298 pages 

ANDROIDS, ROBOTS AND ANIMATRONS — Second 
Edition — John lovine 

Build your own working robot or android using both off- 
the-shelf and workshop constructed materials and 
devices. Computer control gives these robots and 
androids two types of artificial intelligence (an expert sys- 
tem and a neural network). A lifelike android hand can be 
built and programmed to function doing repetitive tasks. A 
fully animated robot or android can also be built and pro- 
grammed to perform a wide variety of functions. 

The contents include an Overview of State-of-the-Art 
Robots; Robotic Locomotion; Motors and Power 
Controllers; All Types of Sensors; Tilt; Bump; Road and 
Wall Detection; Light; Speech and Sound Recognition; 
Robotic Intelligence (Expert Type) Using a Single-Board 
Computer Programmed in BASIC; Robotic Intelligence 
(Neutral Type) Using Simple Neural Networks (Insect 
Intelligence); Making a Lifelike Android Hand; A 
Computer-Controlled Robotic Insect Programmed in 
BASIC; Telepresence Robots With Actual Arcade and 
Virtual Reality Applications; A Computer-Controlled 
Robotic Arm; Animated Robots and Androids; Real-World 
Robotic Applications. 


224 pages Order code MGH1 


£14.99 


£16.99 
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DIRECT BOOK SERVICE 


NOTE: ALL PRICES INCLUDE UK POSTAGE 


The books listed have been selected by Everyday Practical 
Electronics editorial staff as being of special interest to everyone 
involved in electronics and computing. They are supplied by mail 
order to your door. Full ordering details are given on the last book 


For a further selection of books see the next two issues of EPE. 


Radio 


BASIC RADIO PRINCIPLES AND TECHNOLOGY 
lan Poole 
Radio technology is becoming increasingly important in 
today’s high technology society. There are the traditional 
uses of radio which include broadcasting and point to 
point radio as well as the new technologies of satellites 
and cellular phones. All of these developments mean 
there is a growing need for radio engineers at all levels. 
Assuming a basic knowledge of electronics, this book 
provides an easy to understand grounding in the topic. 
Chapters in the book: Radio Today, Yesterday, and 
Tomorrow; Radio Waves and Propagation; Capacitors, 
Inductors, and_ Filters; Modulation; Receivers; 
Transmitters; Antenna Systems; Broadcasting; Satellites; 


Personal Communications; Appendix - _ Basic 
Calculations. 
263 pages Order code NE30 £18.99 


PROJECTS FOR RADIO AMATEURS AND S.W.L.S. 
R. A. Penfold 
This book describes a number of electronic circuits, most 
of which are quite simple, which can be used to enhance 
the performance of most short wave radio systems. 

The circuits covered include: An aerial tuning unit; A 
simple active aerial; An add-on b.f.o. for portable sets; 


A wavetrap to combat signals on spurious responses; An 
audio notch filter; A parametric equaliser; C.W. and S.S.B. 
audio filters; Simple noise limiters; A speech processor; A 
volume expander. 

Other useful circuits include a crystal oscillator, and 
RTTY/C.W. tone decoder, and a RTTY serial to parallel 
converter. A full range of interesting and useful circuits for 
short wave enthusiasts. 


Order code BP304 £4.45 


AN INTRODUCTION TO AMATEUR RADIO 

I. D. Poole 

Amateur radio is a unique and fascinating hobby which 
has attracted thousands of people since it began at the 
turn of the century. This book gives the newcomer a 
comprehensive and easy to understand guide through 
the subject so that the reader can gain the most from the 
hobby. It then remains an essential reference volume to 
be used time and again. Topics covered include the 
basic aspects of the hobby, such as operating proce- 
dures, jargon and setting up a station. Technical topics 
covered include propagation, receivers, transmitters and 


aerials etc. 
Order code BP257 £5.49 


92 pages 


150 pages 


Computers and Computing 


THE INTERNET FOR THE OLDER GENERATION 
Jim Gatenby 

Especially written for the over 50s. Uses only clear and 
easy-to-understand language. Larger type size for easy 
reading. Provides basic knowledge to give you confi- 
dence to join the local computer class. 

This book explains how to use your PC on the Internet 
and covers amongst other things: Choosing and setting 
up your computer for the Internet. Getting connected to 
the Internet. Sending and receiving emails, pho- 
tographs, etc., so that you can keep in touch with fam- 
ily and friends all over the world. Searching for and 
saving information on any subject. On-line shopping 
and home banking. Setting up your own simple web 


site. 
Order code BP600 £8.99 


228 pages 


HOW TO BUILD YOUR OWN PC — 

Third Edition 

Morris Rosenthal 

More and more people are building their own PCs. They 
get more value for their money, they create exactly the 
machine they want, and the work is highly satisfying 
and actually fun. That is, if they have a unique begin- 
ner’s guide like this one, which visually demonstrates 
how to construct a state-of-the-art computer from start 
to finish. 

Through 150 crisp photographs and clear but minimal 
text, readers will confidently absorb the concepts of 
computer building. The extra-big format makes it easy 
to see what's going on in the pictures. For non-special- 
ists, there’s even a graphical glossary that clearly 
illustrates technical terms. The author goes “under the 
hood” and shows step-by-step how to create a socket 7 
(Pentium and non-intel chipsets) and a Slot 1 (Pentium 
Il) computer, covering: What first-time builders need to 
know; How to select and purchase parts; How to 
assemble the PC; How to install Windows 98. The few 
existing books on this subject, although badly outdated, 
are in steady demand. This one delivers the expertise 
and new technology that fledgling computer builders 
are eagerly looking for. 


224 pages — large format Mie} geymerele (MN  (¢] 5 ra £20.99 


PIC YOUR PERSONAL INTRODUCTORY COURSE 
SECOND EDITION John Morton 

Discover the potential of the PIC micro- 
controller through graded projects — this book could 
revolutionise your electronics construction work! 

A uniquely concise and practical guide to getting up 
and running with the PIC Microcontroller. The PIC is 
one of the most popular of the microcontrollers that are 
transforming electronic project work and product 
design. 


Assuming no prior knowledge of microcontrollers 
and introducing the PIC’s capabilities through simple 
projects, this book is ideal for use in schools and col- 
leges. It is the ideal introduction for students, teachers, 
technicians and electronics enthusiasts. The step-by- 
step explanations make it ideal for self-study too: this 
is not a reference book — you start work with the PIC 
straight away. 

The revised second edition covers the popular repro- 
grammable EEPROM PICs: P16C84/16F84 as well as 
the P54 and P71 families. 


270 pages Order code NE36 


£15.99 


eBAY FOR BEGINNERS 

Cherry Nixon 

There are two kinds of people, those who are trading on 
eBay and the rest who are missing out. Though eBay 
has been embraced by entrepreneurs all over the world, 
it remains the peoples’ site and offers the largest mar- 
ket for the smallest fee. 

eBay presents an opportunity for everyone, the trick 
is to master it. This book shows you how to start trading 
on eBay UK. It also offers advice on getting organised 
and tips to put you ahead. 

The book has been developed from Cherry’s popu- 
lar hands-on course “Buying and Selling on eBay for 
Technological Simpletons”. In addition to fully explan- 
ing eBay and how to trade on it there are sections on 
Paypal, producing pictures of your sale items, fees 
and accounts, safety and security including what to 
do when things go wrong and what protection is 


provided. 
Order code BP551 £8.99 


178 pages 


NEWNES PC TROUBLESHOOTING 
POCKET BOOK - THIRD EDITION 
Howard Anderson, Mike Tooley 

All the essential data for PC fault-finding and upgrad- 
ing. This book provides a concise and compact reference 
that describes, in a clear and straightforward manner, the 
principles and practice of fault-finding and upgrading PCs 
and peripherals. The book is aimed at anyone who is 
involved with the installation, configuration, maintenance, 
upgrading, repair or support of PC systems. It also pro- 
vides non-technical users with sufficient background 
information, charts and checklists to enable the diagnosis 
of faults and help to carry out simple modifications and 
repairs. In order to reflect rapid changes in computer tech- 
nology (both hardware and software) this new edition has 
been completely revised and rewritten. 


Order code NE41 


256 pages £19.99 
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Theory and Reference 


BEBOP TO THE BOOLEAN BOOGIE BOOK PLUS 
Second Edition CD-ROM 
Clive (Max) Maxfield 

This book gives the “big picture’ of digital electronics. This 
indepth, highly readable, up-to-the-minute guide shows you 
how electronic devices work and how they're made. You'll 
discover how transistors operate, how printed circuit boards 
are fabricated, and what the innards of memory ICs look like. 
You'll also gain a working knowledge of Boolean Algebra 
and Karnaugh Maps, and understand what Reed-Muller 
logic is and how it’s used. And there’s much, MUCH more. 
The author's tongue-in-cheek humour makes it a delight to 
read, but this is a REAL technical book, extremely detailed 
and accurate. Comes with a free CD-ROM which contains 
an eBook version with full text search plus bonus chapter — 
An Illustrated History of Electronics and Computing. 

Contents: Fundamental concepts; Analog versus digital; 
Conductors and insulators; Voltage, current, resistance, 
capacitance and inductance; Semiconductors; Primitive 
logic functions; Binary arithmetic; Boolean algebra; 
Karnaugh maps; State diagrams, tables and machines; 
Analog-to-digital and digital-to-analog; Integrated circuits 
(ICs); Memory ICs; Programmable ICs; Application-specific 
integrated circuits (ASICs); Circuit boards (PWBs and 
DWBs); Hybrids; Multichip modules (MCMs); Alternative 
and future technologies. 


500 pages Order code BEB1 £27.50 


BEBOP BYTES BACK (and the 
Beboputer Computer Simulator) 
CD-ROM 

Clive (Max) Maxfield and 
Alvin Brown 


This follow-on to Bebop to 
the Boolean Boogie is a a 
multimedia extravaganza of 
information about how com- 
puters work. It picks up 
where “Bebop |” left off, guid- 
ing you through the fascinating 
world of computer design . . . and 

you'll have a few chuckles, if not belly laughs, along the 
way. In addition to over 200 megabytes of mega-cool 
multimedia, the CD-ROM contains a virtual microcom- 
puter, simulating the motherboard and standard com- 
puter peripherals in an extremely realistic manner. In 
addition to a wealth of technical information, myriad 
nuggets of trivia, and hundreds of carefully drawn illus- 
trations, the CD-ROM contains a set of lab experiments 
for the virtual microcomputer that let you recreate the 
experiences of early computer pioneers. If you’re the 


slightest bit interested in the inner workings of comput- 
ers, then don’t dare to miss this! 
Over 800 pages in Adobe Acrobat format 


CD-ROM Order code BEB2 CD-ROM £21.95 


SCROGGIE’S FOUNDATIONS OF WIRELESS 

AND ELECTRONICS — ELEVENTH EDITION 

S.W. Amos and Roger Amos 

Scroggie’s Foundations is a classic text for anyone work- 
ing with electronics, who needs to know the art and craft 
of the subject. It covers both the theory and practical 
aspects of a huge range of topics from valve and tube 
technology, and the application of cathode ray tubes to 
radar, to digital tape systems and optical recording 
techniques. 

Since Foundations of Wireless was first published 
over 60 years ago, it has helped many thousands of 
readers to become familiar with the principles of radio 
and electronics. The original author Sowerby was suc- 
ceeded by Scroggie in the 1940s, whose name became 
synonymous with this classic primer for practitioners 
and students alike. Stan Amos, one of the fathers of 
modern electronics and the author of many well-known 
books in the area, took over the revision of this book in 
the 1980s and it is he, with his son, who have produced 
this latest version. 


400 pages Temporarily out of print 
GETTING THE MOST FROM YOUR 

MULTIMETER 

R. A. Penfold 


This book is primarily aimed at beginners and those of lim- 
ited experience of electronics. Chapter 1 covers the basics 
of analogue and digital multimeters, discussing the rela- 
tive merits and the limitations of the two types. In Chapter 
2 various methods of component checking are described, 
including tests for transistors, thyristors, resistors, capaci- 
tors and diodes. Circuit testing is covered in Chapter 3, 
with subjects such as voltage, current and continuity 
checks being discussed. 

In the main little or no previous knowledge or 
experience is assumed. Using these simple compo- 
nent and circuit testing techniques the reader should 
be able to confidently tackle servicing of most elec- 
tronic projects. 


96 pages 


Order code BP239 £5.49 


STARTING ELECTRONICS, THIRD EDITION | NEW | 
KEITH BRINDLEY 

A punchy practical introduction to self-build electronics. 
The ideal starting point for home experimenters, techni- 
cians and students who want to develop the real hands-on 
skills of electronics construction. 

A highly practical introduction for hobbyists, students, 
and technicians. Keith Brindley introduces readers to the 
functions of the main component types, their uses, and the 
basic principles of building and designing electronic cir- 
cuits. 

Breadboard layouts make this very much a ready-to-run 
book for the experimenter, and the use of multimeter, but 
not oscilloscopes, and readily available, inexpensive com- 
ponents makes the practical work achievable in a home or 
school setting as well as a fully equiped lab. 


Order code NE42 £10.99 


288 pages 


THE AMATEUR SCIENTIST 
CD-ROM 

The complete collection of The 
Amateur Scientist articles from 
Scientific American magazine. 
Over 1,000 classic science pro- 
jects from a renowned source of 
winning projects. All projects are 
rated for cost, difficulty and pos- 
sible hazards. 

Plus over 1,000 pages of helpful 
science techniques that never 
appeared in Scientific 
American. 

Exciting science projects in: Astronomy; Earth Science; 
Biology; Physics; Chemistry; Weather . . . and much more! 
The most complete resource ever assembled for hobbyists, 
and professionals looking for novel solutions to research 
problems. 

Includes extensive Science Software Library with even more 
science tools. 

Suitable for Mac, Windows, Linux or UNIX. 32MB RAM 
minimum, Netscape 4.0 or higher or Internet Explorer 4.0 
or higher. 

Over 1,000 projects 


Order code AS1 CD-ROM £19.95 


_N 


CD-ROM 


Music, Audio and Video 


MAKING MUSIC WITH YOUR COMPUTER 


Stephen Bennett [NEW] 


Nearly everyone with musical aspirations also has a com- 
puter. This same computer can double as a high quality 
recording studio capable of producing professional 
recordings. This book tells you what software and hard- 
ware you will need to get the best results. 

You'll learn about recording techniques, software and 
effects, mixing, mastering and CD production. 

Suitable for PC and Mac users, the book is full of tips, 
“how to do” topics and illustrations. It's the perfect answer 
to the question “How do | use my computer to produce my 


own CD?” 
Order code PC120 £10.95 


92 pages 

QUICK GUIDE TO ANALOGUE SYNTHESIS 

lan Waugh 

Even though music production has moved into the digi- 
tal domain, modern synthesisers invariably use ana- 
logue synthesis techniques. The reason is simple — 
analogue synthesis is flexible and versatile, and it’s rel- 
atively easy for us to understand. The basics are the 
same for all analogue synths, and you'll quickly be able 
to adapt the principles to any instrument, to edit exist- 
ing sounds and create exciting new ones. This book 
describes: How analogue synthesis works; The essen- 
tial modules every synthesiser has; The three steps to 
synthesis; How to create phat bass sounds; How to 
generate filter sweeps; Advanced synth modules; How 
to create simple and complex synth patches; Where to 
find soft synths on the Web. 

If you want to take your synthesiser — of the hardware 
or software variety — past the presets, and program 
your own sounds and effects, this practical and well- 
illustrated book tells you what you need to know. 


Order code PC118 £7.45 


QUICK GUIDE TO MP3 AND DIGITAL MUSIC 

lan Waugh 

MP3 files, the latest digital music format, have taken the 
music industry by storm. What are they? Where do you 
get them? How do you use them? Why have they thrown 
record companies into a panic? Will they make music 
easier to buy? And cheaper? Is this the future of music? 

All these questions and more are answered in this 
concise and practical book which explains everything 
you need to know about MP3s in a simple and easy-to- 
understand manner. It explains: 

How to play MP3s on your computer; How to use 
MP3s with handheld MP3 players; Where to find MP3s 
on the Web; How MP3s work; How to tune into Internet 
radio stations; How to create your own MP3s; How to 
record your own CDs from MP3 files; Other digital 
audio music formats. 


60 pages 


Whether you want to stay bang up to date with the lat- 
est music or create your own MP3s and join the on-line 
digital music revolution, this book will show you how. 


Order code PC119 £7.45 


ELECTRONIC MUSIC AND MIDI PROJECTS 

R. A. Penfold 

Whether you wish to save money, boldly go where no 
musician has gone before, rekindle the pioneering spir- 
it, or simply have fun building some electronic music 
gadgets, the designs featured in this book should suit 
your needs. The projects are all easy to build, and 
some are so simple that even complete beginners at 
electronic project construction can tackle them with 
ease. Stripboard layouts are provided for every project, 
together with a wiring diagram. The mechanical side of 
construction has largely been left to individual con- 
structors to sort out, simply because the vast majority 
of project builders prefer to do their own thing in this 
respect. 

None of the designs requires the use of any test 
equipment in order to get them set up properly. Where 
any setting up is required, the procedures are very 
straightforward, and they are described in detail. 

Projects covered: Simple MIIDI tester, Message 
grabber, Byte grabber, THRU box, MIDI auto switcher, 
Auto/manual switcher, Manual switcher, MIDI patchbay, 
MIDI controlled switcher, MIDI lead tester, Program 
change pedal, Improved program change pedal, Basic 
mixer, Stereo mixer, Electronic swell pedal, 
Metronome, Analogue echo unit. 


Order code PC116 4005 £5.45 


THE INVENTOR OF STEREO — THE LIFE AND WORKS 
OF ALAN DOWER BLUMLEIN 

Robert Charles Alexander 

This book is the definitive study of the life and works of 
one of Britain’s most important inventors who, due to a 
cruel set of circumstances, has all but been overlooked 
by history. 

Alan Dower Blumlein led an extraordinary life in 
which his inventive output rate easily surpassed that of 
Edison, but whose early death during the darkest days 
of World War Two led to a shroud of secrecy which has 
covered his life and achievements ever since. 

His 1931 Patent for a Binaural Recording System 
was so revolutionary that most of his contemporaries 
regarded it as more than 20 years ahead of its time. 
Even years after his death, the full magnitude of its 
detail had not been fully utilized. Among his 128 
patents are the principal electronic circuits critical to 
the development of the world’s first elecronic television 


60 pages 


124 pages 
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system. During his short working life, Blumlein pro- 
duced patent after patent breaking entirely new ground 
in electronic and audio engineering. 

During the Second World War, Alan Blumlein was 
deeply engaged in the very secret work of radar devel- 
opment and contributed enormously to the system 
eventually to become ‘H2S’ — blind-bombing radar. 
Tragically, during an experimental H2S flight in June 
1942, the Halifax bomber in which Blumlein and sever- 
al colleagues were flying, crashed and all aboard were 
killed. He was just days short of his thirty-ninth birth- 


day. 

420 pages £17.99 
VIDEO PROJECTS FOR THE 

ELECTRONICS CONSTRUCTOR 

R. A. Penfold 

Written by highly respected author R. A. Penfold, this 
book contains a collection of electronic projects spe- 
cially designed for video enthusiasts. All the projects 
can be simply constructed, and most are suitable for 
the newcomer to project construction, as they are 
assembled on stripboard. 

There are faders, wipers and effects units which will 
add sparkle and originality to your video recordings, an 
audio mixer and noise reducer to enhance your sound- 
tracks and a basic computer control interface. Also, 
there’s a useful selection on basic video production 
techniques to get you started. 

Complete with explanations of how the circuit works, 
shopping lists of components, advice on construction, 
and guidance on setting up and using the projects, this 
invaluable book will save you a small fortune. 

Circuits include: video enhancer, improved video 
enhancer, video fader, horizontal wiper, improved 
video wiper, negative video unit, fade to grey unit, 
black and white keyer, vertical wiper, audio mixer, 
stereo headphone amplifier, dynamic noise reducer, 
automatic fader, pushbutton fader, computer control 
interface, 12 volt mains power supply. 


Order code PC115 £4055 £5.45 


HIGH POWER AUDIO AMPLIFIER 

CONSTRUCTION 

R. A. Penfold 

Practical construction details of how to build a number of 
audio power amplifiers ranging from about 50 to 300/400 
watts r.m.s. includes MOSFET and bipolar transistor 
designs. 


96 pages 


124 pages 


Temporarily out of print 


729 


Circuits, 
Data and 
Design 


PRACTICAL ELECTRONIC FILTERS 

Owen Bishop 

This book deals with the subject in a non-mathematical 
way. It reviews the main types of filter, explaining in sim- 
ple terms how each type works and how it is used. 

The book also presents a dozen filter-based projects 
with applications in and around the home or in the 
constructor’s workshop. These include a number of audio 
projects such as a rythm sequencer and a multi-voiced 
electronic organ. 

Concluding the book is a practical step-by-step guide to 
designing simple filters for a wide range of purposes, with 
circuit diagrams and worked examples. 


88 pages Order code BP299 £5.49 


DIGITAL ELECTRONICS — 

A PRACTICAL APPROACH FREE 
With FREE Software: Number One 
Systems — EASY-PC 

Professional XM and Pulsar (Limited Functionality) 
Richard Monk 

Covers binary arithmetic, Boolean algebra and logic 
gates, combination logic, sequential logic including the 
design and construction of asynchronous and synchro- 
nous circuits and register circuits. Together with a consid- 
erable practical content plus the additional attraction of its 
close association with computer aided design including 
the FREE software. 

There is a ‘blow-by-blow’ guide to the use of EASY-PC 
Professional XM (a schematic drawing and printed circuit 
board design computer package). The guide also con- 
ducts the reader through logic circuit simulation using 
Pulsar software. Chapters on p.c.b. physics and p.c.b. 
production techniques make the book unique, and with 
its host of project ideas make it an ideal companion for 
the integrative assignment and common skills compo- 
nents required by BTEC and the key skills demanded by 
GNVQ. The principal aim of the book is to provide a 
straightforward approach to the understanding of digital 
electronics. 

Those who prefer the ‘Teach-In’ approach or would 
rather experiment with some simple circuits should find 
the book’s final chapters on printed circuit board produc- 
tion and project ideas especially useful. 


250 pages (large format) Temporarily out of print 


A BEGINNER’S GUIDE TOTTL DIGITAL ICs 

R. A. Penfold 

This book first covers the basics of simple logic circuits in 
general, and then progresses to specific TTL logic 
integrated circuits. The devices covered include gates, 
oscillators, timers, flip/flops, dividers, and decoder cir- 
cuits. Some practical circuits are used to illustrate the use 
of TTL devices in the “real world”. 


Order code BP332 £5.45 


MICROCONTROLLER COOKBOOK 

Mike James 

The practical solutions to real problems shown in this cook- 
book provide the basis to make PIC and 8051 devices real- 
ly work. Capabilities of the variants are examined, and 
ways to enhance these are shown. A survey of common 
interface devices, and a description of programming 
models, lead on to a section on development techniques. 
The cookbook offers an introduction that will allow any 
user, novice or experienced, to make the most of micro- 


controllers. 
240 pages £23.99 
RADIO BYGONES 


We also carry a selection of books 
aimed at readers of EPE’s sister maga- 
zine on vintage radio Radio Bygones. 
These books include the Comprehensive 
Radio Valve Guides (five books with a 
Free copy of the Master Index) for just 
£15. Also Jonathan Hill’s excellent Radio 
Radio, a comprehensive book with hun- 
dreds of photos depicting the develop- 
ment of the British wireless set up to the 
late 1960s. 

The four volumes of our own Wireless 
For the Warrior by Louis Meulstee are 
also available. These are a technical his- 
tory of radio communication equipment in 
the British Army and clandestine equip- 
ment from pre-war through to the 1960s. 

For details see the shop on our UK web 
site at www.epemag.co.uk or contact us 
for a list of Radio Bygones books. 


142 pages 


730 


Project Building & Testing 


ELECTRONIC PROJECTS FOR EXPERIMENTERS 

R. A. Penfold 

Many electronic hobbyists who have been pursuing their 
hobby for a number of years seem to suffer from the 
dreaded “seen it all before” syndrome. This book is fairly 
and squarely aimed at sufferers of this complaint, plus 
any other electronics enthusiasts who yearn to try some- 
thing a bit different. No doubt many of the projects fea- 
tured here have practical applications, but they are all 
worth a try for their interest value alone. 

The subjects covered include:- Magnetic field detector, 
Basic Hall effect compass, Hall effect audio isolator, Voice 
scrambler/descrambler, Bat detector, Bat style echo loca- 
tion, Noise cancelling, LED stroboscope, Infra-red “torch”, 
Electronic breeze detector, Class D power amplifier, 
Strain gauge amplifier, Super hearing aid. 


Order code BP371 £5.45 


FAULT-FINDING ELECTRONIC PROJECTS 
R. A. Penfold 
Starting with mechanical faults such as dry joints, short-circuits 
etc, coverage includes linear circuits, using a meter to make 
voltage checks, signal tracing techniques and fault finding on 
logic circuits. The final chapter covers ways of testing a wide 
range of electronic components, such as resistors, capacitors, 
operational amplifiers, diodes, transistors, SCRs and triacs, 
with the aid of only a limited amount of test equipment. 

The construction and use of a Tristate Continuity Tester, a 
Signal Tracer, a Logic Probe and a CMOS Tester are also 
included. 


138 pages 


136 pages Temporarily out of print 
PRACTICAL FIBRE-OPTIC PROJECTS 
R. A. Penfold 


While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics 
enthusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide an 
innovative interesting alternative to electric cables, but in 
most cases they also represent a practical approach to 
the problem. This book provides a number of tried and 
tested circuits for projects that utilize fibre-optic cables. 
The projects include:- Simple audio links, F.M. audio 


link, P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, 
P.W.M. motor speed control, RS232C data links, MIDI 
link, Loop alarms, R.P.M. meter. 

All the components used in these designs are readily 
available, none of them require the constructor to take out 
a second mortgage. 


132 pages Order code BP374 £5.45 


DISCOVERING PICS 
W.D.Phillips 

A good introduction to PIC 
programming, covering every- BRUM e Vs ys 1S 
thing you need to know to get 
you started. No previous knowledge of microcontrollers is 
required, but some previous experience with electronic 
circuits is assumed. Covers the basic concept of a micro- 
controller, fundamentals of a PIC-based circuit and using 
the MPLAB program. Further chapters introduce binary, 
PIC architecture, the instruction set, the PIC memory map 
and special registers plus real world programming. Four 
simple projects are also fully described; a Wavy Wand, an 
Electronic Dice, a Games Timer and a Pulse Monitor. 

The associated CDROM contains the book in PDF format, 
MPLAB (plus instruction manuals in PDF format) and all the 
programs covered in the book as assembler (ASM) files. 

In addition a p.c.b. based hardware kit is also available that 
makes up into the Wavy Wand which will spell out a short 
message via a line of I.e.d.s when waved through the air. 


BOOK 
PLUS CDROM 


190 pages, A4 spiral bound 
Book + CDROM Order code DOC1 Baxi) 


Book + CDROM + Hardware Order code DOC2B#4:40) 


For a further selection 
of books see the next 


two issues of EPE 


BOOK ORDERING DETAILS 


All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) 
please add £2 per book. For the rest of the world airmail add £3 per book. CD-ROM prices 
include VAT and/or postage to anywhere in the world. Send a PO, cheque, international money 
order (£ sterling only) made payable to Direct Book Service or card details, Visa, Mastercard, 


Amex, Diners Club or Maestro to: 


DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LTD., 
408 WIMBORNE ROAD EAST, FERNDOWN, DORSET BH22 9ND. 


Orders are normally sent out within seven days of receipt, but please allow 28 days for deliv- 
ery — more for overseas orders. Please check price and availability (see latest issue of Everyday 
Practical Electronics) before ordering from old lists. 


For a further selection of books and CD-ROMs see the next two issues of EPE. 
Tel 01202 873872 Fax 01202 874562. Email: dbs@epemag.wimborne.co.uk 
Order from our online shop at: www.epemag.co.uk/shopdoor.htm 
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WIN AN ATLAS LCR ANALYSER 
WORTH £69 


READOUT 


Email: john.becker @ wimborne.co.uk 


An Atlas LCR Passive Component 


John Becker addresses some 
of the general points readers 
have raised. Have you anything 
interesting to say? 

Drop us a line! 


All letters quoted here have previously been replied to directly. 


* LETTER OF THE MONTH * 


Dalek Gigs! 


I’ve recently been chatting with Mike 
Boyden, who has built several of my 
Cybervox Dalek voice emulators (July 
’05) and which are being used by various 
Dalek “clubs”. The concept of such 
“clubs” greatly amused my wife and I 
told Mike so. He replied: 


Tell your wife that Dalek stuff is far 
too serious a matter to be left in the hands 


of children! (I only found out about it 
when approached by a local guy who 
bought a Dalek from a (BBC licensed 
would you believe) workshop. 

He earns a very tidy sum doing “gigs” 
with his Dalek which have included (and 
I am not making this up): 


@ Weddings 

@ A funeral (to press the button to 
move the casket into the next world — I 
kid you not) 

@ Shopping Mall promotions (he once 


Crossword Update 


Dear EPE, 

As a result of chatting with several 
readers I have made some updates to the 
Crossword Solver code (May ‘05). 
These changes address the following 
issues: 

1. The L.c.d. access routines would not 
always start properly on power up. 

2. Words greater than 16 characters in 
length had a character missing when 
displayed. 

3. The unit did not reject a request for a 
word longer than its biggest entry, result- 
ing in rubbish being displayed. 

That was quite handy feedback from 
readers since I am using the 4-bit display 
method in my forthcoming Camera Watch 
Mk2 project! 

A quick question — do you have any 
PIC assembly code, or an algorithm, for 
taking a 16-bit unsigned binary number 
and displaying it in decimal ASCII? All 
the algorithms I have come across use 
the “divide by 10” technique which is 
quite “expensive”, even on a PICI8F. Pll 
use them if necessary but I was wonder- 
ing if there was a better algorithm? 

Mike Hibbett, via email 


Thanks for the updated code Mike, 
which is now on our Downloads site (via 
www.epemag.co.uk). 

Regarding your query, I use Peter 
Hemsley’s BIN2DEC (binary to deci- 
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stopped a running thief by shouting: 
“STOP OR I WILL EXTERMINATE 
YOU ...” at which point the thief stopped 
frozen to the spot, whereupon he was 
carted off by security people) 

@ Appearances at Strip Clubs (I didn’t 
ask ...) 

@ POP Festivals 


Oh yes, not to mention ... he has been 
set on fire, had water poured onto him 
(disabling the Dalek and all the electron- 
ics) and fallen off the stage and into a 
crowd of 50,000 drunken head bangers at 
some sort of rave event. 

So tell her some Daleks have found a 
very eventful life on earth — he he he ... 

Mike Boyden, via email 


That’s hilarious Mike, thanks for shar- 
ing it. And thanks too for your IU offer- 
ing in this issue — the Dalek lighting 
interface for Cybervox. I should’ve 
thought of doing that myself originally! 


mal) routine, then OR (or ADD) 48 to 
all decimal digit values (each 0 to 9) so 
that an I.c.d. shows them as ASCII char- 
acters. You’ll find many examples of my 
use of this in my published software. 
Peter’s excellent 32-maths routines are 
on our Downloads site. 


Rally Components 


Dear EPE, 

Your July ‘OS Letter of the Month cast 
doubts about buying cheap bargain com- 
ponents at rallies. I agree it is most frus- 
trating to spend time and_ effort 
constructing a project, only to find it 
doesn’t work because of cheap faulty 
components. 

This is self-inflicted punishment. If one 
goes to the time and trouble to remove 
components from disregarded p.c.b.s and 
expect them to work — well, I wonder! My 
time is more valuable than this wasted 
exercise. 

I consider it good practice to test all the 
components before I solder them into a 
project to verify they are within the correct 
tolerance. This saves time trying to trace a 
defective component after the circuit is 
built. 

I buy my spares from a reputable small 
firm which attends all the major rallies, 
and is very reasonable pricewise. 

Ken Barry, Blackpool, via email 


Thanks for that Ken. 


The Atlas LCR automatically measures 
inductance from 1H to 10H, capacitance 
from 1pF to 10,000uF and resistance from 

1Q to 2MQ with a basic accuracy of 1%. 


Analyser, kindly donated by Peak Electronic 
Design Ltd., will be awarded to the author 


of the Letter Of The Month each month. 


’\ agN 


PIC Spanish Translator 


Dear EPE, 

After recently building your wonderful 
TK3 PIC programmer, and going through 
the PIC Tutorial, 1 have been considering 
trying to develop a _ Spanish 
translator/study aid and was wondering 
whether you have anything similar 
planned for a future project? 

Ideally I would like voice playback and 
recognition but maybe this would be 
stretching a PIC too far! Playback seems 
possible though by using a PWM output as 
the D to A converter but it would require an 
awfully large memory to store the samples. 

Maybe something similar to the 
Crossword Solver (May 05) would suffice 
if it had the added feature of a couple of 
games, hangman etc, to help you learn new 
vocabulary. Again though ’m coming 
across problems in getting a dictionary file 
that I could use to base the design on and 
that comes in a compressed format so it 
will fit into a PIC’s program memory along 
with the program code. 

My final point is whether to code in 
assembly language, C or even BASIC? It 
seems that the device doesn’t need to run 
extremely quickly so I’m thinking that C 
or BASIC may be the best way to go if I 
can get my hands on a freeware compiler. 

Id like to actually get this design off the 
ground one day and so I was hoping that 
you or one of your readers could possibly 
point me in the right direction or have any 
advice. 

Thank you for listening and supplying 
such a thought provoking magazine. 
Hoping that now I have 7K3 up and run- 
ning and with the help of your magazine I 
may at last be able to build my own PIC 
controlled device. 

Lee Archer, via email 


Thanks for the kind words Lee! A trans- 
lator is not something that should be 
undertaken lightly by anyone. Whilst in 
principle the technique needed is simple, 
its implementation would be complex 
because of the vast vocab such a device 
would need, and that needs lots of memo- 
ry. And voice recognition is way beyond 
what hobbyists can realistically achieve. 

Also, there are commercial devices 
available, I have a German/English unit 
for instance — key in a word in either lan- 
guage and the equivalent in the other is 
shown on screen. 

I’mnot a great user of C and would sug- 
gest that the compactness of code written 
in PIC assembler might be better. 

So best of luck if you attempt it, but it’s 
not something I would feel comfortable 
trying, although I recognise the challenge! 
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As One Door Opens ... 


Dear EPE, 

I feel that the increased availability of 
the Internet and “black box” technology 
has been the final “nail in the coffin” for 
hobbies like amateur radio, weather 
satellite receiving and data communica- 
tions by the airwaves. Increased compe- 
tition in the consumer electronics 
manufacturing industry has also made 
the hobbyist construction of audio equip- 
ment largely unfeasible. But I’m pleased 
that EPE continues to contain many 
inventive designs. 

We must, however, remember that cur- 
rent projects using the PIC processors 
may seem impressive today but years ago 
a designer would only have had a limited 
armoury of components including pas- 
sive devices, semiconductors and a range 
of discrete analogue and digital i.c.s. 
Here the hardware design would have to 
be finalised and could not be “tweaked” 
later in the software. 

What of the future for amateur elec- 
tronics? The promised invasion of sur- 
face mounted devices failed to lead to the 
demise of dual-in-line integrated circuits, 
as the EU safety and EMC directive 
failed to stem the interest in amateur 
electronics and I don’t suppose the intro- 
duction of lead-free solder in the future 
will do so either. 

As long as there are people willing to 
design and publish high quality electron- 
ic projects and manufacturers produce 
suitable devices there seems no need to 
worry about the popularity of the hobby. 

Chris Lewis, via email 


To take your first point first, Chris, I 
think many will disagree with you about 
the demise of amateur radio. There is 
considerable evidence of thriving HAM 
activity, even though it may no longer be 
publicised so heavily as it used to be. 

Furthermore, despite the availability 
of low cost (and not so low cost) audio 
equipment, there is still an interest in 
building one’s own amplifier, and indeed 
there is considerable satisfaction to be 
gained by doing so. Reader response to 
Raymond Haigh’s articles in this area 
prove the point. 

But you are right about PICs in a 
sense — technology does move on, and 
techniques change because of that. 
Sooner or later something more 
advanced than a microcontroller may 
indeed come along and_ ultimately 
replace it. 

But it’s a case of “as one door opens 
another one shuts — partly”. The micro- 
controller is not going to disappear until 
something better appears, even then it is 
likely to continue to exist alongside the 
new technology. Look at how valves were 
once dominant, but when _ transistors 
came along, valves were not totally oust- 
ed, and continue to be used even now in 
several forms. Nor have i.c.s replaced 
transistors. There is a role for both. 

And as long as technology exists, there 
will always be those who wish to explore 
it in a variety of ways, including the con- 
struction of designs based upon it, and so 
will magazines like EPE cater for such 
interests, in both practical and tutorial 
roles. 


Pain Monitor 


Dear EPE, 

I read with interest your article on how 
to build a pain monitor (Aug ‘05). We 
have developed a number of advanced 
units similar to yours (8051 based) over 
the last six years and have presented 
many studies, using the devices, to con- 
sultant anaesthetists at national meetings. 
Our professor is head of the pain man- 
agement service at the University 
Hospitals of Leicester and director of 
UHL research and development, he spe- 
cialises in pain management. 

We have conducted considerable 
research in the area of portable pain mea- 
surement devices and have worked with 
large companies like GSK to evaluate our 
devices. We are looking into commercial 
opportunities, but unfortunately the market 
is very small and the free pain gauge that 
you show is widely used, even though it is 
not the correct format compared to paper 
VAS scores. 

There was a commercial unit sold called 
the Clinitrac, this is no longer available due 
to poor sales and the advent of PDA ques- 
tionnaire systems with VAS. PDA systems 
have been validated and are widely used by 
drug companies and researchers of chronic 
and acute pain, although we feel that they 
are not entirely suitable. 

I think that your unit would be useful for 
a doctor/patient that wishes to gain a rough 
estimate of pain scores but would not be 
suitable for controlled research data. 

Of course, if we could really measure 
pain electronically, instead of the subjec- 
tive measures currently used, the unit 
would be on every doctors wish list. The 
problem is as elusive as measurement of 
depth of anaesthesia, although some 
progress has been made in this area. 

I like your wildlife monitor idea, given 
folks increased interest in the environ- 
ment, this has great potential and would 
provide very useful data for researchers 
in this area. 

Ed Pallett, 

University Division of Anaesthesia, 
Leicester Royal Infirmary, 

via email 


Thanks for your interesting letter Ed, 
which I sent on to Mark Piper, the anaes- 
thetist who inspired my design. One of 
the first questions I asked him was about 
electrically monitoring pain, and he con- 
firmed it’s not possible, although I had 
expected that there might be brain waves 
which could be monitored in this respect. 


Laser ranges with PICs 


Dear EPE, 

Reading the August ’05 Readout, 1 
thought you might like to ponder the way 
radio altimetry worked. The frequency of 
transmission is linearly swept so that the 
return is at a slightly different frequency 
to the transmission, and the difference 
gives the range. If the difference frequen- 
cy is small enough it could be handled by 
a PIC? But I don’t know if the frequency 
of a laser can be swept. 

John Waller, Plainfield, USA, 
via email 


That’s intriguing John! I'll think on it, 
thank you. 


Everyday Practical Electronics, October 2005 


GPS Validity 


Dear EPE, 

I refer to my letter about GPS validi- 
ty in Aug ‘05 (thanks for printing it by 
the way). 

It seems to me the Standard is not so 
standard after all! Perhaps I should 
explain a bit more. The values I refer to 
come directly from the NMEA GGA 
Standard and the validity flag can actu- 
ally have any value from 0 to 8 
(although many values are not used). 
This standard is used by all profession- 
al GPS equipment, Trimble Navigation 
is probably the industry standard. 

The following was copied from 
www.gpsinformation.org/dale/nmea.htm 


GGA - essential fix data which pro- 
vide 3D location and accuracy data, 


6:83 


$GPGGA, 123519,4807.038,N,01131.000, 
E,1,08,0.9,545.4,M,46.9,M,,*47 
GGA Global Positioning 
System Fix Data 
Fix taken at 12:35:19 UTC 
Latitude 48 deg 07.038’ N 
Longitude 11 deg 31.000’ E 
0 = invalid 
1 =GPS fix (SPS) 
2 = DGPS fix 
3 = PPS fix 
4 = Real Time Kinematic 
5 = Float RTK 
6 = estimated (dead reck- 
oning) (2.3 feature) 
7 = Manual input mode 
8 = Simulation mode 
08 Number of satellites being 

tracked 
0.9 Horizontal dilution of posi- 
tion 
Altitude, Meters, above 
mean sea level 
Height of geoid (mean sea 
level) above WGS84 ellip- 
soid 
Time in seconds since last 
DGPS update 
(empty field) DGPS station ID number 
*A7 the checksum data, always 

begins with * 

Colin Gill, via email 


123519 
4807.038,N 
01131.000,E 
1 Fix quality: 


545.4,.M 
46.9.M 


(empty field) 


Now the fog clears — thanks for the 
info Colin! So I'll keep my decoding as is 


for GPRMC (I don’t use GGA). 


FR4 Laminate 


Dear EPE, 

I have been buying your mag for years 
now and this is the first time I have need- 
ed to ask a question. 

I need to get hold of some unclad, i.e. 
plain with no copper, FR4 laminate, or 
equivalent, to make a circuit board that I 
will put turret tags or equivalent onto. 

Can you point me in a direction where 
I can get some? 

Paul, via email 


Sorry Paul, I regret that I don’t know of 
any supplier — ask readers directly through 
our Chat Zone (via www.epemag.co.uk). 
By quoting you now in Readout, let’s see if 
this also gets you any reader response via 
the editorial office. 
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PCB SERVICE 


Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. All prices include VAT and postage and packing. Add £1 per board for 
airmail outside of Europe. Remittances should be sent to The PCB Service, 
Everyday Practical Electronics, Wimborne Publishing Ltd., 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872; Fax 01202 874562; 
Email: orders@epemag.wimborne.co.uk. On-line Shop: www.epemag. 
wimborne.co.uk/shopdoor.htm. Cheques should be crossed and made payable to 
Everyday Practical Electronics (Payment in £ sterling only). 

NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery 
— overseas readers allow extra if ordered by surface mail. 

Back numbers or photostats of articles are available if required — see the Back 
Issues page for details. We do not supply kits or components for our projects. 


Please check price and availability in the latest issue. 


A large number of older boards are listed on our website. 
Boards can only be supplied on a payment with order basis. 


PROJECT TITLE 

Infra-Guard 

% Moon Clock 

% Teach-In 04 Part 6 — Software only 

+ EPE Seismograph Logger 
Control Board ay . 
Sensor Amp. Board 441 fP 

In-Car Lap-Top PSU | MAY ’04 | 443 

Beat Balance Metal Detector 444 

Teach-In ’04 Part 7 — Transmitter 445 
Receiver 446 
Moisture 447 


Order Code 


APR ’04 


PROJECT TITLE Order Code 


| MAY ’05_| 499 
20W Amplifier Module 500 
Back-To-Basics 2 — Water Level Alarm 501 

— Burglar Alarm 502 


%& Crossword Solver 


% PIC Ultrasonic Scanner 

% Radio Control Model Switcher 

Back-To-Basics 3 — Scarecrow 
— Digital Lock 

CompactFlash Interface Board 


LF/VLF Converter 
— Fixed Capacitor Board 
— Mixer/Oscillator Board 
— Buffer Amplifier 
— Q-Multiplier 
— Tuning Capacitor Board 
Back-To-Basics 4 — Doorchime 
— Electronic Dice 
%* Cybervox 
Multi-Clap Switch 


Audio System 
— Preamplifier 
— Mic. Supply Board 
— Power Amp 
%& Pain Monitor 
MotorAmp 
Back-To-Basics 5 
— Kitchen Timer 
— Room Thermometer 


PIC Quickstep 448 
Body Detector MkII 
%* Teach-In ’04 Part 8 — Software only 
% MIDI Synchronome — Software only 
Hard Drive Warbler 
%* Bongo Box 
Portable Mini Alarm — Sensor 
— Counter 

%& Teach-In ’04 Part 9 

PIC Combination Lock Alarm Monitor 
% EPE Magnetometry Logger 
Keyring L.E.D. Torch 
%& Teach-In ’04 Part 10 — PIC Curtain or Blind Winder 
Simple F.M. Radio — F.M. Tuner 
— Tone Control 
— Audio Power Amp (TDA2003) 
— Power Supply 
— Control Board 
— Display Board 
— Slave Board 
x PIC to Mouse/Keyboard — Software only 
EPE Wart Zapper 
% Radio Control Failsafe 
* AlphaMouse Game 
% Rainbow Lighting Controller — Software only 


% EPE Scorer 


All-Band Radio — Full Version 
— Mini Version 

% Multicore Cable Tester — Main 
— Active 

Back-To-Basics 6 — Daily Reminder 
— Whistle Switch 

% Model Railway Signal Control 

% Snooker/Darts Scoreboard 


4% Moon and Tide Clock Calendar 
Volts Checker 
%& Smart Karts — Software only 
Logic Probe 
Thunderstorm Monitor 
MW Amplitude Modulator 
— V.F.0./Buffer 
— Modulator/PA 
— Power Supply 
Super Vibration Switch 
Wind Direction Indicator 
%& PIC Flasher Mk2 — Control Board 
— Transmitter 
— Multipurpose Board 
— Simple Cycler 
— Luxeon V Controller 
— Power Supply 
Light Detector 
%& Camera Watch 
Gate Alarm — Oscillator 
— Delay/Timer 


4% Sneaky — Transmitter 
— Receiver 
%* PIC Electric Mk2 — Control 
— Sensor 
Sound Card Mixer 


Headphone Monitor 
EPE Cat Flap 
%* Bingo Box — Main 
— Big Digit Display 
Spontaflex Radio— Tuner | APR ‘05 _| 494 

— Coil Pack 495 

— Audio Amplifier 496 

— Tuning Capacitor Board 406 
* Safety Interface 497 
Back-To-Basics 1— Fridge/Freezer Door Alarm 498 
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Photic Phone — Transmitter 
— Receiver 
Back-To-Basics 7 — Parking Radar 
— Telephone Switch 
%& Haloween Howler 
% PIC-Based USB Interface 


EPE SOFTWARE 


* All software programs for EPE Projects marked with an asterisk, and 
others previously published, can be downloaded free from our Downloads 
site, accessible via our home page at: www.epemag.co.uk. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 


| enclose payment of £ 


VISA 


al mn 


O 7-1 co Ih le aeeerernerter rere reer er errr rere eree rere eerrreererresrererceree rere errrr 
Valid From Expiry Date 


Card Security Code Switch/Maestro Issue No 
(The last 3 digits on or just under the signature strip) 


Everyday 
Practical Electronics 


MasterCard, Amex, Diners 
Club, Visa or Switch/Maestro 


Signature 


NOTE: You can also order p.c.b.s by phone, Fax, Email or via our 
Internet site on a secure server: 


http://www.epemag.wimborne.co.uk/shopdoor.htm 
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ELECTRONICS MANUALS ON CD-ROM £29.95 EACH 


ELECTRONICS SERVICE MANUAL THE MODERN ELECTRONICS MANUAL 


J 
ae oe) - 


The Modern d 
Electronics Manual 
nee 


ELECTRONICS | 
SERVICE MANUAL 


7 SPECIAL 
OFFER 


: : =====| Order both Manuals 
ee a: together and 


SAVE £10 
The essential reference work for 
everyone studying electronics 


A practical reference marniat on 
electronics servicing techniques 


a 
i 4 ——— 
—— = ne ee =~ 


Everything you need to know to get 
started in repairing electronic equipment 


e Around 900 pages @ Fundamental principles e Troubleshooting @ Over 800 pages e In-depth theory @ Projects to build e 
techniques @ Servicing techniques @ Choosing and using test Detailed assembly instructions @ Full components 
equipment e Reference data e Manufacturers’ web links checklists e Extensive data tables e Manufacturers’ web 
e Easy-to-use Adobe Acrobat format e Clear and simple layout links @ Easy-to-use Adobe Acrobat format @ Clear and 

e Vital safety precautions @ Professionally written e Supplements el cad e peat draeaiati subject range @ 
SAFETY: Safety Regulations, Electrical Safety and First Aid. rofessionally written @ Supp ements . 
UNDERPINNING KNOWLEDGE: Electrical and Electronic Principles, BASIC PRINCIPLES: Electronic Components and their 
Active and Passive Components, Circuit Diagrams, Circuit Characteristics, Circuits Using Passive Components; 
Measurements, Radio, Computers, Valves and Manufacturers’ Data, Power Supplies; The Amateur Electronics Workshop; The 
etc. PRACTICAL SKILLS: Learn how to identify Electronic Uses of Semiconductors; Digital Electronics; Operational 
Components, Avoid Static Hazards, Carry Out Soldering and Wiring, Amplifiers; Introduction to Physics, including practical 
Remove and Replace Components. TEST EQUIPMENT: How to experiments; Semiconductors and Digital Instruments. 
Choose and Use Test Equipment, Assemble a Toolkit, Set Up a CIRCUITS TO BUILD: The Base Manual describes 12 
Workshop, and Get the Most from Your Multimeter and Oscilloscope, projects including a Theremin and a Simple TENS 

etc. SERVICING TECHNIQUES: The Manual includes vital guidelines Unit. 

on how to Service Audio Amplifiers. The Supplements include similar ESSENTIAL DATA: Extensive tables on diodes, 
guidelines for Radio Receivers, TV Receivers, Cassette Recorders, transistors, thyristors and triacs, digital and linear i.c.s. 
Video Recorders, Personal Computers, etc. TECHNICAL NOTES: EXTENSIVE GLOSSARY: Should you come across a 
Commencing with the IBM PC, this section and the Supplements deal technical word, phrase or abbreviation you’re not familiar 
with a very wide range of specific types of equipment — radios, TVs, with, simply look up the glossary and you'll find a 
cassette recorders, amplifiers, video recorders etc. REFERENCE comprehensive definition in plain English. 

DATA: Diodes, Small-Signal Transistors, Power Transistors, Thyristors, The Manual also covers Safety and provides web links 
Triacs and Field Effect Transistors. Supplements include Operational to component and equipment Manufacturers and 
Amplifiers, Logic Circuits, Optoelectronic Devices, etc. Suppliers. 


Full contents list available online at: www.epemag.wimborne.co.uk 


SUPPLEMENTS: Additional CD-ROMs each containing approximately 500 pages of additional information on specific areas of 


electronics are available for £19.95 each. Information on the availability and content of each Supplement CD-ROM will be sent to you. 


Presentation: CD-ROM suitable for any modern PC. Requires Adobe Acrobat Reader which is included on the CD-ROM. 
Wimborne Publishing Ltd., Dept Y10, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. Fax: 01202 874562. 


 ul=iralp=—loiep legislate aeatoe laeelemieest loan eteenl onl! altanlonloteniantentantentantantantentantantantentan 


— So 
= &}] = ®& Es 
PLEASE send me serosa La — ORDER FORM 
I THE MODERN ELECTRONICS MANUAL CD-ROM Simply complete and return the order I 
| (J ELECTRONICS SERVICE MANUAL CD-ROM hl i a I 
I I enclose payment of £29.95 (for one Manual) or £49.90 for both Manuals (saving £10 by OUOWING BOOTESS: I 
g. Cresta /beth tegeter): Wimborne Publishing Ltd, I 
DE ANE icc cease nee iene mde eb apie Sea adea namie aetaiadte ns : Dept. Y10, I 
J (PLEASE PRINT) 408 Wimborne Road East, Ferndown, | 
Il ADDRESS 26 vecatasie cas ee eee ee nad £256 ees ene ewe Soe DEE Rees Ree eR EER ee Sass Dorset BH22 9ND I 
Lwin usndomiabesthebiobeientuaieccansaesnttt benobusnossmterwensaatitness? Price includes postage to anywhere in| I 
I the World I 
D eieauisidasinosnaasipierseiariaedigakaraaheaiva POSTCODE jiicicecseereeaacs | 
We will happily exchange any faulty 
I I 
SIGNATURE isetaeduitids tea eine wun Sendaware ied wanda ema Lee aahateeaee eng CD-ROMs but since the content can be printed 
I I 
| | enclose cheque/PO in UK pounds payable to Wimborne Publishing Ltd. out we donot offer a. refund. on these llems. | 
Please charge my Visa/Mastercard/Amex/Diners Club/Switch/Maestro Your CD-ROMs) will be 
|) (CardING: ..c40 en tateeesind Sarde ewan es Switch/Maestro Issue No ...... posted to you by first class | 
I mail or airmail, normally , 
J Valid From ............. Expiry Date............... within four working days of ] 
I cara Security Code............ (The last 3 digits on or just under the signature strip) receipt of your order I 
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| EVERYDAY 
oes Everyday Practical Electronics reaches twice as 


many UK readers as any other UK monthly hobby 
THRONES electronics magazine, our sales figures prove it. 
We have been the leading monthly magazine in 


this market for the last twenty years. 


If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display pages 
offer the best value. The prepaid rate for semi-display space is £10 (+VAT) per single column centimetre (minimum 2-5cm). The prepaid rate 
for classified adverts is 40p (+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together with 
remittance, should be sent to Everyday Practical Electronics Advertisements, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. 
Phone: 01202 873872. Fax: 01202 874562. Email: epeads @ wimborne.co.uk 


For rates and information on display and classified advertising please contact our Advertisement Manager, Stewart Kearn as above. 


The Versatile, Programmable 
TOTALROBOTS ile, Programm TRANSFORMERS 


Transformers and Chokes for all types 
of circuits including specialist valve units 
Custom design or standard range 
High and low voltage 


ROBOTICS, CONTROL & 
ELECTRONICS TECHNOLOGY 


High quality robot kits and components 
UK distributor of the OOPic microcontroller 


Secure on-line ordering 7 Variable Voltage Technology Ltd 
Rapid deliver =< ee forereep lg ore 
ighly compeitive pices Tel: 0870 243 0414 Fax: 01983 721572 
Visit www.totalrobots.com ; _—_ : sales@vvt-cowes. freeserve.co.uk 
Tel: 01737 371688 © Fuly programmabe a] EXT www.vvttransformers.co.uk 
PIC 16F628 microcontroller 
® Demo software code available ° 
@OSD IC 28 by 11 screen Miscellaneous 
® H A 21/0 lines free to connect sensors or buttons 
X-10 m mation ® Serial or PC keyboard interface versions 
gute ° uto av MAKE YOUR HOBBY A BUSINESS. 
We put you in contro Earn money making a unit for the partially 
5 sighted. Exclusive areas. Outlets provided. 
Why tolerate when you can automate? Full assembly Instruction manual and 
An extensive range of 230V X-10 products Please suppliers. DETAILS 02392 830158 
and starter kits available. Uses proven Power es 
Taine C oinien teCnnolas yy ne matey required, mention EPE VALVES AND ALLIED COMPONENTS 
Products Catalogue available Online. & IN STOCK. Phone for free list. Valves, 
Worldwide delivery. when replyi ng to books and magazines wanted. Geoff 
. . Davies (Radio), tel. 01788 574774. 
Laser Business Systems Ltd. advertisements 
pees E-Mail: info@laser.com "ram FREE! PROTOTYPE PRINTED 
ey http://www.laser.com i CIRCUIT BOARDS! Free prototype p.c.b. 
Tel: (020) 8441 9788 ~y WwW with quantity orders. Call Patrick on 028 
Fax: (020) 8449 0430 . 9073 8897 for details. Agar Circuits, Unit 5, 
To advertise your East Belfast Enterprise Park, 308 
company Albertbridge Road, Belfast BTS 4GX. 


N.R. BARDWELL LTD Contact: 
ELECTRONIC COMPONENT SUPPLIES PRINTED CIRCUIT BOARDS - 
Stock of l.e.d.s, Semiconductors, Resistors, Stewart Kearn QUICK SERVICE. Prototype and pro- 


Capacitors and many more items. _ duction artwork raised from magazines or 
Send 44p for lists or visit out secure online Tel: 01 202 873872 draft designs at low cost. PCBs designed 


ordering of www.bardwells.co.uk F : 
288, Abbeydale Road, Sheffield. S7 1FL from schematics. Production assembly, 


Email - sales @ bardwells.co.uk Email: wiring and software programming. For 
Z details contact Patrick at Agar Circuits, 

stewart.kearn@wimborne.co.uk Unit 5, East Belfast Enterprise Park, 308 

Albertbridge Road, Belfast BTS 4GX. 


Email agar@argonet.co.uk 

Using ICs. Pinout diagrams. 
Numeric control. BTEC ELECTRONICS % PRICE VALVES AND RADIO & 

interacthes Tenieuewationd: TECHNICIAN TRAINING ELECTRONIC COMPONENTS 


Write, save, load your own programs. NATIONAL ELECTRONICS Cailoe ues ayalable sor et tetundhly on 


+ lst order. Over 1480 different valves and 
Sep [Ga working on Screpn: VCE ADVANCED ICT over 500 radio/electronic components. W. 
HNC AND HND ELECTRONICS Burcher, 676 Foxhall Road, Ipswich, 


FOUNDATION DEGREES Suffolk, IP3 8NQ.TEL: 01473 272218 


NVQ ENGINEERING AND IT 
sabccaiehriad ELEC One t DESIGN AND TECHNOLOGY WANTED GRUNDIG YACHT BOY 
uppliers of Electronic Components 


Place a secure order on our website or call our sales line LONDON ELECTRONICS COLLEGE RADIO. Must be model 2 10 from 
All major credit cards accepted 20 PENYWERN ROAD between 1970-1974. Must be in mint 


Web: www.bowood-electronics.co.uk EARLS COURT, LONDON SW5 9SU condition. Will pay very good money 


Unit 1, McGregor’s Way, Turnoaks Business Park, : = ee 
Chesterfield, S40 2WB. Sales: 01246 200222 TEL: (020) 7373 8721 for a set in mint condition. Contact 
Send 60p stamp for catalogue www.lec.org.uk Peter Tankard on Tel 0114 2316321 
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